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Exercise 1.1 


Q.1 ‘Find the order of the following matrices. 


It has 2 rows & 2 columns that’s why its order is 2 - by -2 


; d 

B= 

a 3 

It has 2 rows & 2 columns. So, its order is 2- by -2 

C=[2 4] 

It has 1 row and 2 columns, So, its order is | — by -2 
4 

D=| 0 
6 


It has 3 rows and | column. So, its order is 3 — by -] 


It has 3 rows and 2 columns. So, tts order is 3 — by —2 
F=[2] 


It has 1 row & 1 column. So, its order is 1- by -1 


q) 

l| 
N F& WN 
kN WwW 
wm GOS 


It has 3 rows and 3 columns. So, its order is 3 —by -3 


23 4 
H= 
1 0 6 


It has 2 rows & 3 columns. So, its order is 2- by -3 


Q.2. Which one of the following matrices are equal? 


1 = A={[3], 2) B=[3 5], 
3) C=[5-2] 4) D=[5 3] 
5) E= a 6) Fe : 

6 2 6 

eee § 4 
7) G= 8) H= 

3+3 6 2 

2+2 2-2 

9) I=[3 342] 10) me ce 
Solution: 


Order of A=[3] is equal to Order of C =[5—2] 
Order of B=[3 5]is equal to Order of I=[3 3+2] 
Order of C = [5-2] is equal to Order of A =[3] 


D=[5 3] has no equal matrix. 
4 0 ; 

ES has equal matrices. 
6 2 


4 0]. 22) 22 
Order of > H= P is equal to Order of J= | | 


2+4 240 


2 = 
Order of F= | is equal to Order of G = E | 
6 34+3 
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Q.3 ‘Find the values of a, b,c & d. 


atc a+2b 
c-l1 4d-6 


Solution: 


As Matrices are equal so their corresponding entries are same. 


a+c=0>(I) 
a+2b=-7->(2) 
c-1=3-(3) 
4d —6=+2d — (4) 


Solving 3" equation 


¢—1=3 
¢= srl 
g=4 


Solving 2™ equation 


at+2b=-7 
-4+2b=-7 
2b =-7 +4 
2b = -3 


Solving 1* equation 


at+c=0 
at+4=0 
g=-4 


Solving 4" equation 
4d —6 =2d 
-6 = 2d— 4d 


6 =-2d 


xercise 1.2 


Q.1 Identify the following matrices. 


It’s all members are 0. So, it’s a null matrix. 


B=[2 3 4 
It has only 1 row. So, it’s a row matrix. 


4 


It is an identity matrix because its diagonal entries are 1 and non-diagonal entries are zero. 


E= [0] 
It has only 0. So, it’s a null matrix. 


It has only | column. So, it’s a column matrix. 


Q.2 _—_ Identify the following matrices. 


(1) —o 2 7 
12 0 4 


Its number of rows & columns are not equal. So, it’s a rectangular matrix. 


(2) 0 
1 


It has only one column. So, it’s a column matrix. 


; 6 -4 
(3) . 


The number of rows & columns are equal. So, it’s a square matrix. 


Identity matrix — Because Diagonal entries are 1 and non-diagonal entries are 0. 
i 2 

(5) 3 4 
5 6 

Number of rows & columns are not equal. So, it’s a rectangular matrix. 


(6) [3 10 -1| 
It’s a row matrix because it has only | row. 


] 
(7) 0 
0 
Column matrix because it has only one column. 


1 23 
(8) =] 2 0 
0 0 1 


Square matrix because number of rows & columns are equal. 


(9) 


Null matrix because all elements are 0. 


Q.3 Identify the matrices. 


i aul? ° 
“10 4 


Scalar- matrix because it non-diagonal entries are 0 & diagonal entries are same. 


2) Bo | 
0 -l 


Diagonal matrix because its non-diagonal entries are 0. 


3) c-[5 | 
0 | 


Unit matrix because diagonal-entries are 1. 


4) b=) | 
0 0 


Diagonal matrix because non-diagonal are 0. 


ae ee 5-3 0 
) | @ pay 


Scalar- because diagonal are same. 


Q.4 Find the negative of matrices. 


(1) A=| 0 (4) 
4 
1 =i 
-A=-| 0 |=| 0 
=1} | i | 
3 =f (5) 
2) a-|) | 


Q.5 


c=? (1) 
a 2 


ae 
I 
| i Sr | 


Re wrynoe Ww NY 


Nw 


Solution: (B' = 


(6) r= |, l 
3 4 


L 2 ] 
Q.6 Verify if A= E ‘an Bs 


(i) (AY=A 


Solution: (A')'=A 


y= | 
(a)-[5 || 
(4) = 


Hence Proved. 


(i)  (B') =B 


t 


(3') =2 
Hence proved 


Exercise 1.3 


Q.1 Which of the following are conformable for addition? 


def 


2+1 
C=|2 -1 = 
3 
1 —2 
3 2 
-1 Q 
E= , F=|14+1 -—-4 
1 2 
342 2+1 
Solution: 


In the above matrices following matrices are suitable for addition. 


(i) A and E are conformable for addition because their order is same and both are square 
matrix. 


(ii) | Band D are conformable for addition because the order is same i.e. they have two rows 
and 1 Columns and both are rectangular matrices. 


(iii) | Cand F are conformable for addition because their order is same i.e. they have three 3 
rows and 2 columns and they are a rectangular matrix. 


Q.2 Find the additive inverse of the 1 2 

following matrices: (2) B=|2 -1 3 

2 4 3 —-2 1 
(1) 2 le 1 0 -l 
Solution: Solution: B=|2 -I 3 
Additive inverse of a matrix is 9 4 4 


es a Its additive inverse is 
A= is +1 0 -!l 
of -B=-|42 -1 3 


“Hse gf BS 


2 > 2 Sa 
a8 4 


(3) C= : ' 
—2 
4 
| 
4 -1x4 
: : - Ix 2 
The additive inverse is 


it) 


Solution: C 


1 O 
4) D=|3 2 
2 1 
1 O 
Solution: D=|-3 -2 
2. fl 
The additive inverse is 
ly —Ixl  -1x0 
—-D=-|-3 -2]=|-lx-3 -1x-2 
pa | -Ilx2 -1xl 
-1 0 
-D=|3 2 
—2 -il 


: 1 0 
Solution: E = 
0 | 


The additive inverse of the given matrix ts: 


‘es 1 0] [-Ix1 -1x0 
0 1] |-1x0 -1x1 


| | 
-E= 
0 -1 
ga 1 
6) F= 
°) | e 
3 1 
Solution: / = 
olution a ; 


Its additive inverse is 


Q3 fA = Pde 
: el le hee 


C=fl -1 2], D= a 
= |; Vict ae a Dut 


then find. 


(i) a i 
| 


l 
Solution: 4 + : 


The order of matrix A and the given 
matrix order is same. So, they can be 
added easily. 


_f-1+1 241 
Sey ieey 


3 | 


(ii) B+ a 
3 


—2 
Solution: B + . 


a] 


we-[ 


9 (vy) 2A 
So, B + : Solution: 24 


The order of both above matrices are ape 
: Tl 21 [21 288 
same, so, they can be easily added. =(2) | | = / 
_f14(-2)]_f1 =) Zz | ZRL, (2% 
“ess aap. ae [2 4 
ee er. eee) 
Bie 
(vi) (-1)B 
(iil) C+ [2 1 3] Solution: (—1)B 
Solution: C + [-2 1 3] re =| 1 
AsC = fl -1 2] % 
So,C + [-2 1 3] So, (-1)B 
=[1 -1 2]+[-2 1 3] =|" 
Their orders are same so they can added 4 
=[1+(-2) -14+(1) 243] she A 
=[1-2 -1+1 5] (-1)x(-1) 
=[-1 0 5] af 
0 1 0 7 
(iy) 2+ Be (vii) (—2)C 
010 Solution: (—2)C 
Solution: D + Baie Gf As C=[l —1 2| 
2 So, (-2) C 
LZ 
As D = Ee ; ‘| =(-2)x[1 -1 2] 
0 10 =[(-2)() (-2)(-1) (-2)(2)] 
So, D + | ; i] =[-2 yy) -4] 
fi 2 | : | | 
= + 
1 ARM a 2.0 4 (viii) 3D 
Their orders are same. So, they can be Solution: 3D 
added. Ie +2. 3 
[140 241 340 ae ae ee 
PP RO Del So, 3D 


1-3 3 ke 22.43 
: -(3) 
Le 3 -1 0 2 
3x1 3x2 3x3 
3x-l1 3x0 3x2 


(ix) 3C 
Solution: 3C 
AsC=[l -1 2] 


Bo; 3C 
=(3)x[1 -1 2] 
=[3x1 3x-1 3x2] 
=[3 3 6] 


Q.4 ‘Perform the indicated operations 
and simplify the following: 


Z 1+1 241 
ices wees!) 


(i f RL ‘la ») 


Solution: 


[) EH sD 


(ii) [2 3 1+(f1 0 2]-[2 2 2) 
Solution: 

=[2 3 1]+[1-2 0-2 2-2] 

=[2 3 1]+[-1 -2 0] 

=[2-1 3-2 1-0] 


=[1 1] 


(ivy aio St Stee 8 


we Ne 


Solution: 
| eae? 1 1 1 
=|/-1 -l -l]+/2 2 2 
0 1 2 ay 33 
I+1 2+1 3+1 
=/-14+2 -14+2 -14+2 
+0 142 2-1 


(v) 7 ae a ee a 


a 1) 22 0 2 -l 
Solution: 


l 2 3 1 0 -2 
=|2 3 1/+|/-2 -1 0 
3 iL 2 0 2 -!1 
1+1 2+1 3+1 
=P Hbe2> Hl 2 Hl? 
3+0 142 2-1 


; 1 2). 2. a 1 1 
(lo akh al a 
Solution: 

en we } : 
= + 

0+1 1+0 1 1 

1 

1 l 
- ne 
141 141 


[4 4 
2,2 


Q.5 


1 2 
For the matrices 4=|2 3 
1 -l 
1 -l | 
B=|2 -2 2]}and 
ah 
-1 0 0 
C=|0 —2 31}, 


1 1 2 
following rules: 


verify 


(i) A+C=C+A 
Solutions: 
L.H.S = A+C 
R.H.S =C+A 
LHS= A+C 
a AS -1 0 
3 1/+)0 -2 
-1 0 ] 1 


| 
— eet No — 
NH Ww © 


| 
— 


\| 
ie... ahh... et —-+-. aA 
bo 
+ + 
ae = 


NY N Oo 


\| 
c. ==_ yaa 
ol 
—_— AS (om) 
No Ww S} 
+ 
—- NO — 
Low w 
co — WN 


II 
rss | 
So |] 
+ - 
tw + 
— 


oOo — WwW 
~~ 


oOo - NY 
Ny B&B ww 


A+C=C+A 
Hence proved 
L.H.S = R.H.S 


(ii) A+B=B+A 
Solution: 4+ 2=8+A 
L.H.S = A+B 
R.H.S =BtA 
LHS= A+B 
2 3 1 -l 
=|2 3 1 {4/2 2 
-1 0 cae | 


2-1 
3-2 
—-l+]1 


lI 
———— 
& 4 WY 
oF = 
Ww WwW 


RHS= B+A 

1 -1 1 [42 
3 2\4/2. 3 
3 1 #3] 13 -1 
abe =|42 

24+2 —24+3 

343 1=1 

1 4 
| 3 
0 3 


A+B=B+A 
Hence proved 
L.H.S = R.H.S 


(iii) B+C=C+B 
Solution: B+C=C+B 
L.H.S = B+C 
R.H.S =C+B 
L.H.S = B+C 
-1 1 —] 
—2 2/+| 0 

{> <3 ] 1 


I 
wo WO — 


| 
2 
2 


+341 
1+2 
0+3 


0 0 
ae 


2 


1-1 -1+0 1+0 
Bs —2-2 24+3 
SAP <hel° -at2 
0 -1 1 
F -4 5 
4 2 5 
R.H.S = C+B 


-1 0 0O | 
=| 0 -2 +|2 -2 


—_— 
— 
Nm be 


35° 2.13 


1+3 141 2+3 


Oo: sie i 

2 -4 5 

4 2 5 
L.AS:=RALS 


Bt+C=C+B 
Hence proved 


-l+l1 O-1 0O+¢+1l 
=|0+2 -2-2 342 


(iv) A+(B+A)=24+B 
Solution: A+(B+A)=2A+B 


L.H.S = At (BHA) 
RHS=2A+B 
L.H.S= A+ (B+A) 


1 -1 1 lz 
Hl le Socal. 3 
a 1 3 i. = 


So — WwW 


Il 
[= —— oe ee. C8, wall 
— oo — 
| wir 
ee 
Co KK 


l| 
Be 2 
Mm OW wo 
& Ww 
wo So oe 


—] 
R.H. 


eee | | A? el 


1 
=2)}2 3 l/+)/2 -2 
j. =)-9 >.> “f 


=2AtB 


3 
= 6 
5 -1 3 
HES =K ES 
A+ (B+A) =2A+B 
Hence proved 


(v) (C-B)+A=C+(A+B) 
Solution: (C —~B)+A=C+(A+B) 
L.H.S =(C-B) +A 
R.H.S = C+(A-B) 
LHS=(C-B)+A 


<f, O61 tai 4 | 

Sl) @ 29% S1S)o 29-12) (418 
De Be ie Ba 

<0) 1? tl, fa Be 3 

fae afls 3 

SOO: Si) Nas Sh 

a 3 3 

fea: 

ee ee | 
RHS= C+ (A-B) 

A 50. ON ay 34 

it SFIS Oy Be, P|" 
ee hy Lae eels 

at Oe Ol sO 3 2 

ea hls 6. Sf 
[. Oi) =o oe <4 

= ee a 

ea 

= es 
LHS=RHS 


(C-B)+A=C-+ (A-B) 
Hence proved 


(vi) 24+B=A+(A+B) 
Solution: 24+ B= 4A+(A+B) 


L.H.S = 2A+B 
R.HS = A+ (A+B) 
LHS= 2A+B 


2 
3 
—l 


Co — WwW 


Sil? il 
a3 | al 
-1 0 b.-<3 
2 4 6 | i a 
=|4 6 Zit)2 -2 iH 
2. =a. +0 &. ll <a 
a 23. 
=|6 4 4 
S S13 


a 

i 73) Hae 22> By) Ta St 
Pe O° SB oT pel os 8 
1 Sho) Le OH) 3 


a3 
=|6 4 4 
5-13 
L.A.S =RH. 


2A+B=A+ (A+B) 
Hence proved 


(vii) (C-B)-A=(C-A)-B 
Solution: (C -B)—A=(C-A)-B 
L.H.S = (C-B)-A 
R.H.S = (C-A) -B 
LHS= (C-B)- A 


ft Ot MOF) ie ake “a I 
=(1 0 2 3l-/o —2-2)//-|2 
ee ioral Fe os ec P| 
25 hs ahh 2 3 
feet as 
SOR IPP <p. 

3 ot od 
=|-4 -3 0 


=3 ikl 
RHS= (C-A) -B 


a ae 
=|-4 -3 0 
= ae | 

LHS =RHS 


(C-B)-A=(C-A)-B 
Hence proved 


(viii) (4+B)+C=A+(B+C) 
Solution: (A+B) + C = A+ (B+C) 
L.H.S = (A+B) + C 
R.H.S = A+ (B+C) 

LHS= (A+B) +C 


I 3 1 -1 1 -—1 90 90 
=||2 3 ILlit+|/2 —2 2||+)0 —2 3 
1 -1 0 a. A 3 Ee 2 
2 14 -1 0 0O 
; 1 3\+| 0 —2 3 
4 0 3 ] de 
1 1 4 
: -1 6 
ss LS 
R.H.S = A+ (B+C) 
DP 2 3 1 -1 1 -1 0 0 
2 es De Oe eed ae OD a 3 
3 -1 0 a. bh d- 2 
2 1 4} |-1 0 0 
' 1 3}+)/0 —2 3 
4 0 3 El 2 


1 1 4 (x) 2A4+2B=2(A+B) 
= ee Solution: 24+ 2B =2(A+B) 
» 1 3 L.H.S =2A+ 2B 
LHS=RHS R.H.S = 2(A + B) 
(A+B)+C=A+ (B+C) L.H.S =2A+ 2B 
Hence proved Ir 2°. 3 1 -1 1 
=2/2 3 1/+2/2 -2 2 
1 -1 0 ae Re 23 


2 4 6 2 —2 2 
(ix) A+(B-C)=(A-C)+B |e Many tame | a 
Solution: 4+(B-C)=(A-C)+B 2 2 O| |6 2 6 
L.H.S = A+ (B-C) Fi ae 
R.H.S =(A-C)+B or 
L.H.S = A+ (B-C) : ; 


i 9-3 be 1 Tae: 8 ose 
= + 
212-3. Ala Ol -& -so 3 ee 
Pos-Oh Wee ee op. a - 7 
=9//9° 3. 11419 9-9 
i hee 4 4 1 -l O 3. °° -3 
—|9 3 Tl+ 0 zs | 1+1 2-1 341 
1 -1 0 1 | =|}2+2 3-2 1+2 
ae 143 -1+1 043 
Nae a % ea 
te =9/4 1 3 
RHS= (A-C) +B le Be 
ie Sy fet: 0) @ a 4 2 8 
=||2 3 1|-|0 2 3]|+|2 2 2 =|8 2 6 
Ua 2G tL a2 a. $8 0-6 
LHS=RHS 
i 2=6- Sai) Ti-<b 4 2A+2B=2(AtB) 
H d 
ash S69 PF 4a: <9" 3 rn 
id: fl Oask |S 
: t:<2 0 
es ea el ae Q.6 IfA= ; [ana : 
=|2 5 -2\/+/2 2 2 3.4 7 
0 2 -2| 13 1 3 oad: 
: (i) 34-28 
3 1 4 Solution: 34—2B 
=|4 3 0 1 -2] 0 7 
i cy: ee: eee =3 
a ae 3 4 ae 
LHS=RHS 8 6) PO Tah 
A+ (B-C) = (A-C) +B “lo 12] |-6 16 
Hence proved 


_[3 -20 
“his 4 


(ii) 2A‘ —3B' 

Solution: 24’ —3B' 

When we take transpose of any matrix we 
change rows into columns or columns into 
TOWS. 


t s 
A‘ = 


Q.7 If 
2 4 1 b 7 10 
2 +3 = 
alle aoe 1 
Solution: 


2 4 1 b| 1/7 10 
9 +3 = 
als ale 2 
[4 8 a‘ 3 3b] [7 10 
“|=—6 Gal |24 -12] |18 1 
[7  8+3b ] [7 10 
{18 2at(-12)| [18 1 


8+3b=10 (i) 
Za 1F—1 (ii) 


By solving equation (ii) we get the value 
ofa 


By solving equation (i) we get the value of 


i Bg 1 1 
Q.8 If A= and 8 = 
G 3 2 0 


Then verify that 


(i) (A+B) =4'+B 
Solution: (4+ B) =A'+ 8 
LHS =(A+B) 
R.HS=A'+B! 
To solve L.H.S 
L.H.S =(A+B)! 


(0 TH: a] 
=(A +B) = i‘ 
6 1| |2 6 
fe 37 
“(8 7 


2 2 
R.H.H=(A+By) -|; 1 


To solve R.H.S 
R.H.S = A'+B'! 


At -|; : 
2 1 

B' “| i 
1 0 


RHS=A'+ B -|; 


Tie 


L.H.S = R.H.S =>(A+B)=A'sB' 
Hence Proved 


(ii)  (A-B) =A4'-B' 
Solution: (A—By =A 2s 
L.H.S =(A-—B)! 


RHS=A'-B' 
LHS= (A — B)! 


L.H.S = R.H.S 
(A-B)'=A‘-B! 
Hence proved 


(iii) A+A°is asymmetric 

Solution: 

A+A is a symmetric 
To show that A+A‘ is symmetric, we will 
show that 


(A+4') =(A+4') 


eel Ze 2 
o 1] [oO 1 
i 2) 1 0 
= 4 
[itt 240 
O+2 I+] 
11 2 
A+A'= 
2 


(A+A‘)'= 2 2] 
2 2 


123 
a % 
(A+A')'=(A+A‘) 


Hence Proved 
A+A’ symmetric 


(iv) A-—A’‘is askew symmetric 
Solution: 4 — A’ 
To show that A-A' is skew symmetric we 
will show that 

(A-A')'=-(A-A) 


for ie ay 
eoatalahe 
Oo 0 1 


(A-A*)'=-(A-A‘) 
Hence proved 
A— Atis askew symmetric 


(v) B+ Bis a symmetric 

Solution: 8+ B' 
The show that B+B'is symmetric we will 
show that 


(B+B'yY =(B+B') 
? | 
B+B = + 
2 0| 12 0 
P i I dl 
= + 
2 Ol Wily 


7 141 142 
aloes Mn) 


(B+B') =(B+B’) 


Hence proved 
B+ Bisasymmetric 


(vi) B-B' isaskew symmetric 
Solution: B—B' 

To show that B — B'is skew symmetric, we 
will show that 


(B-B'y' = —(B- B') 


a ee ae a 
B-B' = = 
lb ola ol 


a <i 
“110 
(B-BY =-(B-B') 


Hence proved 
B-B'is askew symmetric. 


Exercise 1.4 


Q.1 Which of the following product of matrices if conformable for 
multiplication? 
; t -1]/2 
i 
v) 0 2] 3 
Yes, these matrices can be multiplied because number of columns of 1“ matrix is equal to 
number of rows of 2™ matrix. 
(i) 1 -1|}/—2 -1 
~ it ea 3 
Yes, these matrices can be multiplied because number of columns of 1* matrix is 
equal to number of rows of 2" matrix. 
(ii) 1 |} oO 1 
iii 4a 6 
No, these matrices cannot be multiplied because number of columns of 1“ matrix is 
not equal to the number of rows of 2" matrix. 
L & 
(iv) — ! 0 fy 
iv - 
a ee 
-1 -2 
Yes, these matrices can be multiplied because number of columns of I* matrix is equal to 
number of rows of 2™ matrix. 
1 -l 
wv) i 2 J — 
0 1 =I 
—2 3 
Yes, these matrices can be multiplied because number of columns of 1“ matrix is equal to 
number of rows of 2™ matrix. 
$ 0] 6 3 Ol/6 
Q.2 If A= |, o= find AB= 
—| 2 5 —1 2/5 
(i) AB 
3 Ol]6 | (3x 6)+(0x5) 
Solution: AB=) | = ; 
“1 25 | (-1x 6) + (2x5) 
_ | 18+0]_ [18 
| -6+10 4 


(ii) BA (if possible) 
Solution: 


BA is not possible became number 
of columns of B not equal to 


number of rows of A. 


Q.3 ‘Find the following products 


(ji) [I a5 


Solution: [1 a9 
= [(1x4)+(2x0)] 
= [4+0] 


= [4] 


(ii) [I a 


Solution: [1 a 3 
=[(1x5)+(2x-4)| 


=[5+(-8)] 
=[5-8] 
=[-3] 


(iii) [3 0] Hl 


Solution: [—3 al 


0 
=| (-3«4)+(0x0) | 
=[-12+0] 
=[-12] 


(iv) [6 al 4 


Solution: [6 al 


[6 “ol 9 


=[6x 4+(-0)(0)] 
=[24-0] 
=[24] 


1 2 
7 : af : 
0 -4 

& el 
: } —_ 
Solution: | -3 0 | 
0 -4 

| 


1x4+2x0 1x5+2(-4) 
-3x4+0x0 -3(5)+0x(-4) 


6(4)+(-1)(0)  6(5)+(-1)(-4) 
| 440 5-8 
-12+0 ssa 


| 24-0 30+4 
[4 3 
2 -15 
24 34 
Q.4 Multiply the following matrices. 
2 
(a) : [ fod 
3 6(«C0 
0 -2 
2 
2 -l 
Solution: | | 
x 2 
QO -2 


2x2+(3x3) (2x-1)+(3x0) 
(1x2)+(1x3)  (1x-1)+(1x0) 
(0x2)+(-2x3) (Ox-1)+(-2x0) 


4+9 --—2+0 
=| 2+3 -1+0 


I| 
' 
we) 


0+-6 0+0 


5 j Solution: Fi | : 2 
i 2 7 (8x 2)+(Sx-4) [8-3 } (54) 
(b) 2 Ar ; : (6x 2)+(4x-4) en 


16+(-20) ——+20 


12+(-16) +16 


Lennar ie 20 -20+ a 
1G 


12-16 -15+16 
1+6+(-3) -3) 94843 4 i 
4+15+( (—6) 84906 


fs 4 
19-6 34 ©) z 2] 0 0 
| F il | 


0 0 


4 
—1 2110 O 
oe Solution: | | 


7 bad es aes 
(c) F a 2 ; ees ey 
Se pe 2 be fe 


l = 

0+0 0+0 

} +2 
: Ll 23 0” 0 
Solution: | 3. 4 = 
4 5 6 0 0 


1x1) +(2x4)  (1x2)+(2x5) (1x3) +(2x6) 
al: er 
Q.5 Leta) bee | 2 


( 
=| (3x1) +(4x4) (3x2)+(4x5)  (3x3)+(4x6) 
(—1x1) +(1x4) (—1x2)+(1x5) (1x3) +(1x6) 
1+8 2+10 3+12 and C= : verify whether 
=|3+16 6+20 9424 Ee 
(i) AB=BA 


Le 2-3 =3 6 Solution: AB = BA 
9 12 15 L.H.S =AB 
=|19 26 33 oe 
L.H.S =AB 


2 2 


3 3 3 


“|p abla 5 


=| oh 1x1)+(3x-3) (-1x2)+(3x - 


(2x1)+(0-3) — (2x2)+(0-5) 
-| 1+(-9) -2+(- ul 
2+0 4+0 
1-9 -2-15 
fae 
10 -17 
{2 
| a f 4 
R.H.S =BA= x 
3 -5||2 0 
-|_ 1x(-1)+2x2 1x3+2x0 | 
~3x(~1)+(-5)2 —3x3+(-5)(0) 
1+4 3+0 
“5 aA 
3 3 
as 
Since L.H.S 4 R.H.S 
LHS#RHS 
LH.S#RHS 


(ii) A(BC)=(AB)C 
Solution: 4(BC) =(AB)C 


LHS =A(BC) 
R.HS =(AB)C 
LHS 
L.H.S=A(BC) 


fH SH] 
-| ‘ i ; ee 3 ate 5 
I 3 4 7 
rae 
2 0] [-11 -18 
-|¢ 1x4)+(3x-11) (-1x7)+(3x- | 


(2x4)+(O0x-11) (2x7)+(0x-18) 


|“ -33) -7+(- al 
8+0 14+0 
4-33 -~7—54 
ee | 
~37 
[22] 

R.H.S = (AB)C 


“(le ofS SIH a 


—1x1)+(3x-3) (-1x2)+(-3x-5) 
(2x1)+(0x-3) tae toa | 


at 
ths 
oe cerns 
| 2- a F | 
igy =17 
haa ‘} ts un 10x1)+(- gl 
2x2 me (2x1)(4x3) 
“lige 17) ae sl 
"5 17 -10- st) 
‘| 


37 = 


Since 
L.H.S =R.HS = A (BC) = (AB)C 
Hence proved 


(iii) A(B+C)=AB+ AC 


Solution: 4(B+C)=AB+AC 
LHS =A(B+C) 

R.H.S = ABt+AC 

L.H.S 

LHS=A (B+C) 


[2 all's Sith al 


—] 3 142 241 
2 of: Ee ne 
lL .3 3 

2 op i . 


(-1x3)+(3x-2) Pee 


(2x3)+(O0x-2) (2x3)+(0x-2) 


6+0 6+0 


—3-6 -3-6 
6 6 


‘1 
L 
/ 
ae | 
tT 


9 -9 
6 6 
R.H.S=AB+AC 


2 fe gist 2|,]-1 3) /2 1 
2.20) (3-5) 1/2. O11 3 
_ | (-1x1)+(x-3) ee 


sehen (2x +2)+(0x-5) 
(-1x2)+(x1) (-1x1)+(x3) 
(2 


+ 


x2)+(Oxl) (2x1I)+(0x3) 


2+3 -—14+9 


1+(-3) vse tH, 
2+0 


2+0 4440 4+0 
4-9. Ss) Pi 8 

+_ 
2 +4 4 2 


{ 
fe ah! 
re 


2+4 +4442 


9 -9 
6 6 
Since LHS=RHS 


A (B+C) = AB+AC 


Hence proved 


| 


(iv) A(B-C) = AB—-AC 

Solution: A (B—C) = AB—AC 
LHS =A(B-C) 
R.H.S = AB-AC 
L.H.S=A(B-C) 


A Bilt Bea 
Palla ShL a) 
A 3) i 2 

[2 le olla: - 
Slat il 

2 ho H 

Le PeDRGey lel yHax- | 


(2x-1)+(0l-4)  (2«1)+(0x-8) 


_[+1+¢12) ee 


-2+0 


pie 12 -1-24 
-2 2 


-l1 -25 
2 2 


R.H.S=AB-AC 
1x 2)+(3x1) pene 


alo rls oll: ot 
2x2)+(O0x1) (2x1)+(0x3) 
( 


(-1x1)+(3x-3) (- ae 
16 

( 

(-1x1)-(3x3) Mee ae 

( 

BiG 


2+0 


Il 
I I 


eee (2x2)+(0x-5) 
-| 2x1)+(Ox-3) (2x2)+(0x-5) 
1x2)+(3x1) Se 


(2x2)+(Ox1) (2x1)+(0x3) 
1-9 -2-15| [-2+3 -1+9 
ie ee ee 
-10 -17| [1 8 
[>a tle a 
-10-1 -17-8 
-| 2-4 Hes 
-11 -25 
‘la ol 
Since L.H.S = R.H.S 
A (B-C) =AB-AC, Hence proved. 


-] 3 
Q.6 For the matrices 4-| 


Verify that 


(i) (AB) =BA' 

Solution: (AB)' = B A‘ 
LHS =(AB) 
RH.S =B'A' 


wrl2 ola | 


| (Ix) +GX=3): {-1x2)+(3x-5) 
~ | (42x1)+(Ox-3) (2x 2)+(0x-5) 


1+(-9) -2+(-15) 
2+0 4+0 


[Ho —2—15 
2 


~10 
2 
ee (AB)! 
f 
10 
t 17 
l 
3 
l 
“12 
_[-1 
412 0 
f 
At= 
ae) 
L.H.S=B'A' 
: - iB A 
= x 
253, 
7 (lx-1)+(-3x3) (1x 2)+(-3x0) 
| (2x-1)+(-5x3)  (2x2)+(-5x0) 


_[ -1+(-9) 2+0 
“| =2+ E15) 440 


10 4 


DO? 


1 2 ,_ |—2 6 
p= and (= 
= 3-9 


2 -1-9 2 

“| 1S. aa 

7 -10 2 

at A 
Since L.H.S = R.H.S 
(AB)' = BtAt 
Hence proved 
L.H.S =R.H.S 


(ii) (BC)'=C'B 
Solution: (BC)'= C'B' 


L.H.S =(BC)! 
RHS =C'B! 
To solve L.H.S 


_[ (x-2)+(2x3) (1x6) + (2xx-9) 
~ | (-3x-2)+(-5x3) (-3x6)+(-5x-9) 


_[ -2+6 6+(-18) 
~16+(-15) -18+45 


4 6-18 
7 | [5 $37 
[4 -12 
7 ‘ 27 
Taking transpose of BC:- 


a A 497 
( Y= 9 27 


te | 
LHS =(BC} = 


-12 27 
To solve R.H.S = 
Taking transpose of matrix C 


cl? 3 


6 -9 

Taking transpose of matrix B 
1 -3 

BS 
2 5 


Now, multiplying matrices, B'C' 


RHS=C'Bt= ce ees 2 
6 <9) 4-5 


_[(-2«1)+@x2) (-2x-3)+(3x-5) 
| (6x1) +(-9x2) (6x -3)+(-9x-5) 


_| =2+6 6+(-15) 
| 68) 1845 


[ 4 6-15 
|§-18 3 
[4 -9 
~| 1 Ba 
Hence proved 
LHS=RHS 


Exercise 1.6 


Q.1 Use of matrices, if possible to 
solve the following systems of 
linear equations. 

(i) The matrices inversion method 

(ii) |= The Cramer’s rule 


(i) 2x-2y=4 
3x+2y =6 
By matrices inversion method 


F 2b 


2 
| Al- 
3 


2 
|4|= (2)(2)-(-2)@) 

|A|= 4+6 

|.4] =10 

Then, solution is possible because A is 
non-singular matrix. 


5 2 
AdjA = 
= 


As we know that 


_ 14) 2x4 +2x6 
10] -3x4+2x6 


x=2,y=0 
Solution Set = {(2, 0)} 
By Cramer’s rule 


ft zie 


=f 

$ 2 
=(2)(2)-(-2)(3) 
=4-(-6) 
=4+6 
= 10 

_i|4 -2 
le 2 


=(4)(2)-(-2)(6) 


=8412 


a sae [id 
7p ).-[5 


y=0 4 —4 
Solution Set = {(2, 0)} gel ed 
2 
? 7 
Solution Set = (Gos 
(ii) 2x+y=3 By Cramer’s Rule 
2 1 3 
6x+5y=1 4-| Je-| 
Matrices inversion method ©: > I 
2.‘ 
2 1] x|_[3 Ale 
6 5] y l 69 
2 = A =(2)(5)-(1)(6 
es y-l* |a— =@)) (1)(6) 
3 9) y 6 =10-6 
-4 
Ae 21 Solution is possible because A is non- 
6°35 singular matrix. 
2 1 5 - i] 
|Al=|_ 4 =], 
6. iS 
= (2)(5)-()(6) = (3)(5)-()Q) 
=10-6 =15-1 
=4 =14 
Solution is possible because A is non- rae 2. 3 
singular matrix. . WT lee 4 
5 -l 
a=] | =2)()-G)(6 
=2-18 
AX =B =-16 
SaAB A, 
X= x AdiAxB “A 
4 14 
=— 4 
y| 4|-6 2]/1 e 
“| 5x3+(-1x1) oat) 
y| 4|-6x3+2x1 Pr 
x] 1/15+(-1) ” TA) 
y| 4|-18+2 _16 
x} 1} 14 4 
y| 4|-16 y=44 
7 
14 Solution Set= Z| 
x} 14 AZ 
| (06 


(iii) 4x+2yv=8 
3x-y=-l 
By Matrices Inversion Method 


3 abFL 
weal abe 


4 2 
| Al= 
3 -1 


=(4)(-1)-(2)(3) 

=-4-6 

=-10 

Solution is possible because A is non singular 
matrix. 


. ee, 
AdjA -| | 
3. 4 


As we know that 


Bey ir: 
|A| 


H 

Fes 22 
*|-saliaee (| 
; 
i 


x) 1 —6 
¥| —10)-38 


6 
#| (| =10 
y| | 28 
— 
2 
x) |5 
Fle 14 
5 
314 
aoe 


Solution Set= (2-4) 
5:5 


By Cramer’s rule 


Ls AP 


4 2 
| Al=| 
3 


=(4)(-1)—(2)(3) 

=-4-6 

=-10 

Solution is possible because A is non 
singular matrix. 


8 2 
-1 -1 
=(8)(-1)-@)(-1 
--8-(-2) 


= —6 


A 


x 


| A| 


4 8 
4 -|; bi 


=(4)(-1)-(8)(3) 


Solution Set = 3.3] 
\\s’'5 


(iv) 3x-2y=-6 
5x-2y=-10 
By Matrices Inversion Method 


able 
veal Fhe 


ace 
eR 
= (3)(-2)-(-2)(5) 


=-—6-(-10) 


Solution is possible because A is non 
singular matrix. 


Adia=| i 
“5 <3 
X=A'B 
fxd 
y| |Al 
x 1|}—2 2]|-6 
He ie es 
x || —2x-64+2x-10 
I 7 5x 63x10 | 
x] 1|12+(-20) 
*|- tleectaey 
x] 1/12-20 
 H1s0-s01 
x] 1 —§8 
Bit 

== 
smi 
Ie 0 

4 
x —2 
Dre 
x=-2,y=0 


Solution Set = {( os 0)} 


By Cramer’s rule 


Solution is possible because A is non singular 
matrix. 


|6 2 
hi EGr. 2 
= (-6)(-2)-(-2)(10) 
= +12—(+20) 
=12-20 
=-8 

3-6 
= 
115 -10 
= (3)(-10)—(-6)(5) 
=-30-—(-30) 
= —304+30 
= 0 

A: 
x= 

| A| 

-8 
x=— 

4 
x= -2 

A, 

| A| 
_9 
4 
y=0 


Solution Set = {(-2,0)} 


(v) 3x-2y=4 
-6x+4y=7 
By Matrices Inversion Method 


ea 

“b 2 | e[6] 
ae 
= (3)(4)-(-2)(-6) 


=12-(+12) 

=12-12 

=0 

Solution is not possible because A is 
singular matrix. 


|Ar 


(vi) 4x+y=9 
—3x-y=-5 
By Matrices Inversion Method 


3 bbls 
vets debts 


4] 
| AIF 
-3 -l 


= (4)(-1)-(-1)(-3) 

=-4+3 

=-1 

Solution is possible because|A|is non 
singular 

3 4 
As we know that 
X=-A'B 


x | ; 
| |= ota 
y| |A| 


AdjA = 


x 1 —94+5 
y| -1|27+(-20) 


x=4,y=-7 
Solution Set= {(4, =F )} 
By Cramer’s rule 


lS aps 


4] 


=(4)(-1)-(1)(-3) 


ao? al 
=()(-1)-(N() 
--9-(-5) 


—-9+5 
—4 


= (4)(-5)-(9)(-3) 
= -20-(-27) 
=—-—20+27 


Solution Set= 1(4;, —7 )} 


(vii) 2x—2y=4 
—5x-2y=-10 


By Matrices Inversion Method 


2 a) tae 


=(2)(-2)-(-2)(-5) 
=-4-(+10) 
=-4-10 

=-14 

Solution is possible 


a9, «2 = -20+ 20 
AdjA = -0 
. Di 


= -8-20 
= —-28 
2 4 ¥ 


A, 
As we know that y=i—= 
X=A"B | A| 
—28 
x 1 x=— 
|x sats “14 
y| |Al rez 
x} 1/2 2/4 Solution Set ={(2,0)} 
y| -14/ 5 2]||-10 
x| 1. |-8+(-20) 
y| -14] 20+(-20) (viii) 3x—-4y=4 
Serica By Matrices Inversion Method 
Ha, SETELAO 3 -4]/x] [4 
Pale | 1 2]\/y!] /8 
7 ae rele ee ee 
zee ee be ae 
4 . 
y e: cola 
14 
ei 2 -(9)2)- Cat 
y} [0 =6-(-4) 
x=2, y=0 | AjJ=6+4 
Solution Set= {(2,0 aa 
poluMon et={(2,0)} Solution is possible because A is non 
By Cramer’s rule singular matrix. 
al? lp_/4 oe 
ic) (= ee a ae 13 
iy, eee As we know that 
Ah et AX =B 
A= ae 
ey Ce) Xx AdjAxB 
=-4—(+10) =" at 
--4-10 : 
= | | aL 
Set is possible y 
A. = x 1] 2x4+4x8 
I) 419 9 y —-1x+3x8 
=(4)(-2)-(-2)(-10) r]_ 1/8432 
=-—8 — (+20) y| 10) 4424 
sh 
Al= 

4l-[5 0 0 

= (2)(-10)-(4)(-5) 3 


= —20-—(-20) ao 


x=4,y=2 
Solution Set= {(4, 2)} 
By Cramer’s rule 


3 -4 4 

A= p= 

aan 
3 
L 2 
= (3)(2)-(-4)(1) 
-6-(-4) 
=6+4 
=10 
Solution is possible 


4 4 

Al= 
nls a 
| ft 4 
a 


= (4)(2)—(-4)(8) 


=8-—(-32) 


8 
=(3)(8)-(4)() 
= 24-4 

= 20 
A 


x 


Al 
__ 40 


x=— 
10 
x=4 


[Al 

— 20 

10 

y=2 

Solution Set= {(4,2)} 


Q.2. ‘The length of a rectangle is 4 times 
it width. The perimeter of the 
rectangle is 150cm. Find the 
dimensions of the rectangle. 

Solution: 

Let width of rectangle =x 

Length of rectangle =y 

According to 1“ condition 

y=4x 

4x+y=0 —...(1) 

According to 2™ condition 

2(length + Width)=Perimeter 

2 ( yt x) =150 


75 


ytxX= Z 
x+y=75 —...(i1) 
—4x+y=0 


x+y=75 
Changing into matrix form 


4 1x) | 0 
1 ijly|] |75 
xed 
(By matrix inversion method) 


—4 | < 0 
11 y 75 


~4 


As we know that 


X=A'B 

¥ 1 , 
fl hxadinn 
y| |A| 


if -1]/0 
~ §|-1 4175 


“ta 


x=15, y=60 
Width of rectangle = x = 15cm 
Length of rectangle = y = 60cm 


By Cramer’s rule 
4 1 0 
A= B= 
P-L] 


Al= 
| A| 


=(-4)(1)—()Q) 


= | 


0 | 
fo. 3 


= (0)(1)—(1)(75) 


=0-75 


=-75 
4 0 
4l-f 
NY a 

= (-4)(75)—(0)(1) 
= 0-300 

= —300 
A 


| A| 
=e 
—5 
X= 15 
A 


| A| 
—300 
—5 
y=60 
Then 
Width of rectangle = x = 15 cm 
Length of rectangle = y = 60 cm 


, — 


Q.3 Two sides of a rectangle differ by 
3.5cm. Find the dimension of the 
rectangle if its perimeter is 67cm. 

Solution: 

Suppose Width of rectangle = x 

Length of rectangle = y 

According to 1* condition 


—x=3,5 
—x+y=355 > ...(i) 
According to 2™ condition 
2(L+B)=P 
2(y+x)=67 
Pei 

Z 

x+ y=33.5 — (ii) 


Changing into matrix form 


TP aD elses 


(By matrix inversion method) 


eal PLP Las 
‘. 
=(-I)()-()(0) 


=-1-] 
=-2 


ase. 
oie = ee 


ie we know that 
=A! 


X B 
* |= ai 


1/1 -1]/3.5 
eal ioss| 
_ 1{ 1x35 1x33.5 
“na 1935 on 

1 | 3.5(-33.5) | 


=2|=3:5(-33:5) 


_ 1 [-30 
~F\37 


| A|= 


xe15 y= =185 


By Cramer’s rule 


af ‘P= Lsss| 


= 3.5 -33.5 


ae 


Width of rectangle =x=15cm 
Length of rectangle =y=18.5cm 


Q.4 The third angle of an isosceles A 
is 16° less than the sum of two 
equal angles. Find three angles of 
the triangle. 

Solution: 

Let each equal angles are x and third angle is y 

According to condition y=2x—16 

2x-y=16 (i) 

As we know that 

x+x+y=180 

2x+y=180 (ii) 

2x—y=16 

2x+ y=180 

Changing into matrix form 


ar 


—] 
I 

=2xl- (—1)x 2 

=2+2 

= 4 + 0 (None singular) 
A” exist 


i <i 
adia=| 
ae? 


X=A'B 


Beer 


_1f1x16+1x180 
~ Al -2x16+2x180 


| Al 


1| 16+180 1“ angle = x = 49° Ans 
re 2™4 angle= x = 49° Ans 


Se ee 34 angle =y= 82° Ans 
_| 196 
| 328 
196 Q.5 One acute angle of a_ right 
_| 4 triangle is12°more than twice 
328 the other acute angle. Find the 
4 acute angles of the right triangle. 
Solution: i 
x 49 
| -| / Let one acute angle =x 
y} [82 And other acute angle =y 
x= 49 According to 1“ condition O 
y=82 x=2y+12 
| x-2y=12 > (i) 
Cramer Rule cha Ayala 
4) ets | x+y=90 — (ii) 
2 1 180 By matrices inversion method 


2 -!1 Changing into matrix form 
<— 11 Flo 
=(2)(-(C)(2) peel ee 
=2-(-2) X=A'B 

1 -2 % 12 
=2+2 LetA=| =(|X=| |B= 
LA Lis y 90 

16 -l 1 -2 

A|= A\= 

: Re | | | | | 
=(16)(1)-(-1)(180) =()()-(-2)(0) 
— =1-(-2) 
7 a: = 3(Non singular) 

: | .. A’ exists 

2 180 ae a! 1 2 
= (2)(180)—(16)(2) ee | 
= 360-32 As we know that 
Sea X= AB or 

_ Ae a 

| A| ler eecaee 


x 64 
Kar 
x= 64, y=26 
Then 


1* angle = x = 64° 
2" angle = y = 26° 


By Cramer’s rule 
alt 1 Pls 
1 -—2 
i i 
=()()-(2)() 
-1-(-2) 


1+2 


| AF 


12 =2 
901 


=(12)(1) —(-2)(99) 


=12+180 


=192 
Alf so 
=(90)—(12) 
=90-12 
= 78 
= A, 
“|Al 
» 
x = 64 
_|4I 
[Al 
78 


y=26 
I“ angle = x = 64° 
2"! angle = y = 26° 


Q.6 Two cars that are 600 km apart are 
moving towards each other. Their 
speeds differ by 6 km per hour and 


1 
the cars are 123 km apart after 4— 


hours. Find the speed of each car. 
Solution: 


] st 


Suppose speed of 1* car = x 
Suppose speed of 2" car = y 


According to 1“ condition 


x-y=6 — (i) 
According to 2™ condition 
Total distance = 600 km 
Left distance = 123 km 
Covered distance = total distance-left 
distance 
Covered distance = 600-123 
= 477km 


; l 9 
Total time = 4— hours =or — hours 
2 2 
Total Distance Covered 
Total Time Taken 


9 
wig <- = 47132 = ATI 


Total Speed= 


2 
g 
x+ y=106 — (ii) 
x-y=6 
x+y = 106 


By matrices inversion method 


Changing into matrix form 


f Ae 


X = A'B, where 


X=A'B 
x| 1 
= ada 
y| |Al 
x| 1 1 1/6 
y| 2/-1 1] 106 


Z 

'¢) [36 

Bae 
x=356,y=50 


Speed of 1“ car = x= 56km/h 
Speed of 2" car = y= SOkm/h 


By Cramer’s rule 


& 
] 


= (106)(1)-(6)(1) 
= 106-6 
=100 
A, 
"(Al 
2 
x =356 
14 
| | 
100 
~ |e 
y=50 
Then 
Speed of 1“ car = x = 56km/h 
Speed of 2"4 car = y = SOkm/h 


Q.1 
(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 


(viii) 


Review Exercise 1 


Select the correct answer in each of the following. 


The order of matrix | 2 1] —_ 
(a) 2-by-1 
(c) 1-by-] 


is 
0 2 


(a) Zero 
(c) Scalar 


| is called ...matrix. 


Which is order of a square matrix? 
(a) 2-by-2 
(c) 2-by-1 


Order of transpose of 


Ww © WV 


(a) 3-by-2 
(c) 1-by-3 


L 2 
Adjoint of is... 
0 -l 


(a) lili 
\@ 1 
[=] 3 


2 
Product of [x a? is... 


(a)[2x+ y] 
(c)[2x-y] 


2 6 
If : =0, then x is equal to... 
a x 


(b) 1-by-2 
(d) 2-by-2 


(b) Unit 
(d) Singular 


(b) 1-by-2 
(d) 3-by-2 


'{t 2 
(b) | 


4 
wf? 4 


(b) [x - 2y] 
(d)[x+2y] 


(b) -6 
(d) -9 


(a) 9 
(c) 6 
: —2 1 0 : 
If X+ = , then X is equal to... 
0 -I eg 4] 


i) 
es | 


0 
(b) be : 


(d) 


| 
Oo VN 
Nm Ww 
ey 


ANSWER KEY 


r 


vi vii Vili 


Q.2 Complete the follwoing: 
« |e Ol, 
(i) is called ... matrix. 
0 0 
ug 0}. 
(ii) is called ... matrix. 
0 | 
—2 
(iii) Additive inverse of ' $B 
(iv) In matrix multiplication, in gereral, AB ...BA. 
(v) Matrix A+B may be found if order of A and B 1s. 
(vi) A matrix is called ... matrix if number of rows and columns are equal. 


ANSWER KEY 


Unit 


03 | 243 4 4 4 P 
‘ s . then 
| 6 bh-] 6 2 
find a and b. 

4 

2 


z . +3 4 ee 
Solution: . = 
| | 6 i 
a+3=-3 6-l1=2 
a=—3-3 b=2+1 
a=-6 6=3 Ans 
2. 3 5 
4 lf A= B , then 
Q | O —2 - 


find the following. 
(i) 2A+3B 


(ii) 344+2B 
(iii) —3(4+2B) 
(iv) * (24-38) 


z 3 5 
2A+3B=2 +3 
1 O | -2 
‘4 6] [is -12 
[2 O| |-6 -3 | 
4415 6-12 | 
[2-6 0-3] 
19 : 
= Ans 
|-4 3 
Solution: (ii) 
g 3 
—3A+2B=-3 +2 
1 Oo 
r—6 -9| [16 -s] 
= + 
[3 O| |-4 -2] 
\-6+10 88) 
| -3-4 0-2] 


4 -17 
= Ans 


Solution: (iii) 


-a(4+28)=-3| || : o 


af 4 

ft 

ee 

Oe i 

Solution: (iv) =(24 ~3B) 

FG OS eh Se: 22 

FH heel 
ae 

= 6) = e4 

2 


ait SoG re, x es ue | 


2+6 043 


3 


| 


—22 


I 
| 
iv) —_ 
x — 
[hn 
ww | bo 
— 
oe) = 
x x 
WIN wir 


Q.5 ‘Find the value of X, if 


Zz 4 -2 
+X = ‘ 


Solution: Given that 
2 1 4 -2 
+X = 
4 2 ae | 
x = - 


1 
[5 26) 


0 | =n * 
Q.6 lt 4= Ss _ ’ 
2° 3 2 ee 


then prove that 
(i) AB#BA 
(ii) A(BC)=(AB)C 
Solution: Given that 
0 1 3 4 
A= B= 
2 -3 5 -2 


(i) AB + BA 


0 1-3 4 
L.H.S= AB = 
Se | a 


-| Ox(-3)+1xS = Ox4+41x(-2) 
2x(-3)+(-3)x5 2x4+(-3)x(-2) 


_[ 0+5 0-2 
16-15 8+6 
e: 2 . 
[3 a Bal 
3 4]fo 1 
RHS=BA- 
SNe 38 


-| -3(0)+4(2) AN ESA 
5(0)+(-2)(2) 5(1)+(-2)(-3) 


_[0+8 -3-12 
“Oak, 546 
8 —15 7 
- > (1 
Pee (i 


From (i) and (11) , we get 


LHS # RAS pea ee ene | 


AB # BA = 
Hence proved 4x3+(-5)x2 4(1)+(-5)(-1) 
(ii) A(BC) =(AB)C -\ot ee 
Solution: 12-10 4+5 
We cannot solve because matrix C is not 0 5 - 
From equal (i) and (ii) we get 
L.H.S=R.H.S 
3.2 2 4 (ABY = BiA' 
Q.7 If A= and B = P 
| 3 25 Hence proved 
then verify that 
(i) (AB) =B'A' 
(ii) (4B)'=B'A' : 
Solution: Given that (ii) (AB) =B'A' 
= ee 2 4 0 2 
A= dB= = 
L Aleme|5 S| walk 
=0x9-2x5 
=0-10 
=-—10 (Non singular) 
(i) ( AB) = BA’ Inverse exists 
9 -2 
AB-|> 2||2 4 auy(aB)=| © | 
i aS 8 , 
| 3(2)+2(-3) 3(4)+2(-5) | LHS=(4B)'= 7 adi(48) 
1(2)+(-1)(-3)1(4) +(-1)(-5) peas. ah 
| ra 5) i 
2+3 4+5 9 ea 
_|9 2 6: 216 
.* Toe es 
pO 27 -10 -10 
0 5 : _|10 5 -+(i) 
oe ow) 1% 
3 27 Z 
a= ' _|2 4 
bo all, 
oe . eer 
at |? AEP | =2(-5)-4x(-3) 
go pelt ee 210413 


RHS=B'A' = 2 -3|/3 1 eee) 
“. Bo exists 


B* =—-AdjB 2 a2 
|B| _|-10 -10 
1f-5 -4 = 
“513.09 “i 10 
a2 ? “st 
Il = - , > (ii) 
g 4 sD 
4h oy 
7 From equation (i) and (ii) we get 
=3(-1)-2x1 L.H.S =R.H.S 
=-3-2 (AB) * =fig" 
=—5 (non singular) Hence proved 
..A| exists 
aga-\° 
ot 
Pe | 
A’ =—-x AdjA 
[4| 
_1f-l -2 
~ =§1-1 3 
RHS=8"s" 


a | 
10) 3(-1)+2(-) (2) +2(3) 


— 1) 5+4 10-12 
7 3-2 -6+6 


Exercise 1.5 


Q.1 ‘Find the determinant of following 
matrices. 
(i) F =| J 
| — 
2 0 
Solution: 


te 


To write the determinant form 


-| | 
| A= 

2 0 
= (—1)(9) - (2) () 
=0-2 
=.9 
lt 8 
my Ele ig 
Solution: 


: | 
B= 
2 —2 


| B|= 


= (1) 


To write in determinant form 


I 3 
2 2 


(-2) — (2) (3) 


— 


=8 


(iii) 


Solution: 


: 


a 2 
a 2 


To write in determinant form 


ICE 


s 2 
3 2 


(3) (2) +3) 2) 
6-6 
0 


; p= 3 2 
(iv) D= 2 


Solution: 


3 2 
D= 

1 4 
To write in determinant form 
3 2 
l 


= (3) (4) 42) () 


Q.2. Find which of the following 
matrices are singular or non- 


singular? 


. 3 6 
®) =|; 4 


Solution: 


af, || 


To write in determinant form 


Ale 6 
2 4 
l4l= (3) (4)-(2)(6) 
|Al= 12-12 
|.4| =0 


It is a singular matrix. 


- coe. 
(ii) B-|; | 


Solution: 


[3 


To write in determinant form 


4 | Q.3 ‘Find the multiplicative inverse of 
| BIE each 
3 2 
IBI= (4) (2)-(3)() ; -j 3 
|B|= 8-3 Fl og 
|B|= 5 Solution: 
It is non-singular matrix. be -1 3 
{2 © 
To write in determinant form 
-l1 3 
@y c-|) > IAF 5 \ 
ae 
Solution: [4| = (-1)(0) - (2)(3) 
e.|? 2 |4| = 0-6 
' |s & |4|= —620 (Non-Singular) 
To write in determinant form A exists 
_, |t -9 To write in Adj A 
|C I= 3 5 Oo -3 
sane, 2 
Icl=()6)-@)-9) a = 
lc|= 35427 At =x Adj 
|Cc|= 62 4 
. Putting the values 
In not equal to zero so 1 1 
It is non-singular matrix. Ox— -—3x— 
| | 0 = —6 —6 
er oe ee ie 
- 9 —[x— 
—6 —6 
5 -10 
(iv) D= o #8 
=) 4 i —6 +46 
Solution: 42 +1 
5 -—10 
D= ue +6 
—2 4 0 dl 
To write in determinant form = 2 
5 -10 1 | 
| D |= 4 A 36 
[P| = (5)(4)-(-2)(-10) 
|D| = 20-20 
DI = 2 
vil | (i) B= 
It is singular matrix. —3 =5 
Solution: 


rf 


To write in determinant form 


LL 2 
ar] 5 
|B] =(-1)(-5)-(-3)(2) 
|B|=-5 +6 


|B|=1 # 0 (Non-Singular) 
B'! exists 


—5 -2 
wes? 


l 


pis sae 
|B| 


Putting the values 


wy Cn -2 6 
(ili) Plea te 


Solution: 
To write in determinant form 


cj? ® 
' 13-9 
cl=(-2)-9)-@)(6) 
|C|=18-18 

C 


=0 Singular 


C' Does not exists. 


a 
Gy) =) 2 
1 


N B | Ww 


Solution: 
To write in determinant form 


D=|2 4 
1 2 


fi 3 

|D|=|2 a[=5x2-2x1 
oe 

{152 
4 

4-3 

= 


|D|= - + 0(Non Singular) 


D’ exists 

=3 
4 
1 


a ees 
2 


2 
AdjD = 


Dre — x AdjD 
| D| 
By putting the values 


— 


as 
mil |e, 


i) 
| | 
Ww 


I| 

— 
ef 
| 


| 
— 


\| 
-& 
| i) 
| 
mes) 
Lees Re Ob 


II 
| 
th 
Sane 
L—_iIn|— 


| meet 3 -l 
Q.4 IfA= and B = P 
4 6 2 2 


then 
Then verify that 


(i) — A(AdjA)=(AdjA)A=(detA)I 
Solution: A(AdjA)=(AdjA)A=(detA)I 
1 2 


. L-D6: 2 
Aadis)=| | A al 
_| 6-8 (-2)+2 
oe ee 
=2. 9 
A (Adj | es | (i) 
. 6 231 2 
caaisya=| 8 ab i 


Abend (6)x12x4 (6) 


x2+ 
(—4)x1+(1)(4) (-4)( (8 
6-8 12-12 
-| He 
Le O ie 
(Adis) A= {|_—_—@ 
1 0 
(det Ara 9 
—2xl QOx2 
| 0 | 
ee 8 a 
(tay 0 2 (iii) 
Hence proved 


From eq (i), (ii) and (iti) 
A(AdjA)=(AdjA)A=(detA)I 


(ii) BB! =I=B'B 
Solution: BB! =I=B'B 
To write in determinant form 


3 -l 
[|= 
2 2 
--6-(-2) 
-—6+2 
—4 # 0 (None singular) 
=B" exists. 
To write in AdjB 


—2 1 
AdjB = 
—2 3 


4 
a wf 
_|4 
0 4 
4 
BB" =|! ekg 
0 | 
and 


_ 1 [-6+2 2-2 
41-646 2-6 


2 % 
_|-4 
iu oe 
-4 
aiid 0 
10 I 
B'B =I 
From (i) and (11) 
BB'=I=B'B 


Hence proved 


Q.5 Determine whether the given 
matrices are multiplicative inverses 
of each other. 


. 35 1. 28 
(i) ; and ie | 

fi | E ‘| 
Solution: and 

47) [-4 3 

oS i7--s8 
Pas | eae 

21+(-20) -15+15 
ee ae 


if 


The given matrices are multiplicative 
inverse of each other. 


alla 
‘aaji2 4] 
[ee A | 


~|-6+6 4+(-3) 


ee 


Given matrices are multiplicative inverse 
of each other 


Q.6 
(i) (AB)'=B'A"™ 
Solution: (AB)'=B'A'! 


a helt ol 
a ol ot 


7 ae + 0(1) 4x(-2)+0(-1) | 


| =1x (-4)+2(1) =1x(=2)+2(=1) 


4+2 2+(-2) 
ie 16 -8 
“VB 
To write in determinant form 


-16 -8 
6 0 

| AB| = 0-(-48) 

| AB| = 48 

To write in Adj (AB) 


P dl 
Adj (AB) = 


ie oh 


45) - 


6 -16 
(aBy? =—_ x AdjAB 
| AB| 
1 [oO 8 
=—xX 
48° |-6 -16 
Seon ee 
_| 48 48 
6 ~16 
48 48 
i = 
_ 6 
1 1 


3 
To ahve R.A. S 
To write in determinant form 


a4) 
Blalie 


|B| = 4-(-2) 1 1 


|B|=4+2 _| 48 48 
|B|= 6 I | 
To write in Adj B = Ee 
-]1 2 
AdjB = o lL 
-1 -4 7 6 
= sda at i} 
(Bl 8 3 
By putting value Heice proved 
gilt 4 LHS=RHS 
6 |-1 -4 
To write in determinant form 
4 0 
| A|= 
-1 2 
| A|=8-(-0) 
|A|=8 


To write in Adj A 
2. 0 
AdjA = 
1 4 


sia page 
| A| 


1 |2 0 
=—x 
8 |1 4 
To solve R.H.S 
-| 2 2 0 
pigtl e 
6|-l1 -4] 8/1 4 
1 1/-l 24/2 0 
=— % 
6 gi-l —4//1 4 
4 —24+2 0+8 
48 


2-4 0-15 
470 8B 
“4 | 

0 8 
[48 48 

~6 -16 

48 48 

g = 

6 


Unit 1: Matrices and Determinants 


Overvie 


Matrix: 
A rectangular array of real numbers enclosed within brackets is said to form matrix. 


Rows of a Matrix: 
In matrix, the entries presented in horizontal way are called rows. 


0 1 0J>R 
helt 3 Siok, 
7 1 S/R 


Columns of a Matrix: 
In matrix, all the entries presented in vertical way are called columns of matrix. 


0 1 0] 
1 2s 

’ i &| 
+ + 4+ 
. 2. 


Order of a Matrix: 
The number of rows and columns in a matrix specifies its order. If a matrix M has m 
rows and n columns then M is said to be of order, m—by—n. 


0 8 O 
i.e.|0 4 8/|the order matrix is 3—hby—3 
ee ae 


Equal Matrix’s: 
Let A and B be two matrices. Then A is said to be equal to B, and denoted by 


A= B, if and only if; 
(i) The order of A = the order of B 
(11) | Their corresponding entries are equal. 


2 1 241) 
Le A= and B= are equal matrices. 
-4 2 -4 4-2 


Rectangular Matrix: 
A matrix M is called rectangular if, the number of rows of M is not equal to the 


number of columns of M. 


a b-£& 
ef, B= ae: 


Square Matrix: 
A matrix is called a square matrix if its number of rows is equal to its number of 


columns. 


Le, A= 
> 5S 


Null or Zero Matrix: 
A matrix M is called a null or zero matrix if each of its entries is 0. 


0 0 
e.g. ‘ 
O° 2 


Transpose of a Matrix: 
A matrix obtained by interchanging the rows into columns or columns into rows of a 


matrix is called transpose of that matrix. 


Negative of a Matrix: 
Let A be matrix. Then its negative, —A is obtained by changing the signs of all the 


entries of A, 


1 -2 -1 2 
1.€. i A=| [then =| | 
3 4 3 -4 


Symmetric Matrix: 
A square matrix is symmetric if it is equal to its transpose i.e., matrix A is symmetric 


if A’ =A. 


& 


Skew-Symmetric Matrix: 
A square matrix A is said to be skew-symmetric if 4’ =-A. 


Diagonal Matrix: 
A square matrix A is called a diagonal matrix if at least any one of the entries of its 


diagonal is not zero and non-diagonal entries must all be zero. 
Lb 0 6 


1e.A=|0 2 0 
O a 3 


Scalar Matrix: 
A diagonal matrix is called a scalar matrix, if all the diagonal entries are same and 


k 0 0 
non-zero. For example |0 & 0|where kis a constant 40,1 
0 0k 


Identity Matrix: 
A diagonal matrix is called identity (unit) matrix if all diagonal entries are | and it is 


denoted by I. 


1 0 0 
eg.,4=|0 1 0O/isa3-by-3 identity matrix. 
OO: (I 
Addition of Matrices: 


Let A and B be any two matrices with real number entries. The matrices A and B are 
conformable for addition, if they have the same order. 


Subtraction of Matrices: 
If A and B are two matrices of same order then subtraction of matrix B from matrix A 
is obtained by subtracting the entries of matrix B from the corresponding entries of 
matrix A and it is denoted by A—B. 


Multiplication of Matrices: 
Two matrices A and B conformable for multiplication, giving product AB if the 


number of columns of A is equal to the number of rows of B. 


Determinant of a 2-by-2 Matrix: 


ab 
Let A -| ‘ be a 2-by-2 square matrix. The determinant of A, denoted by det A or 
Ce 
|A| is defined as. 
a b| la b 
|A| = det A = det |= =ad—be=AeER 
c d | c % 


Singular Matrix: 
A square matrix A is called singular if the determinant of A is equal to zero. 


I 22 
For example, 4 = ‘| is a Singular matrix, since det A =1x0—-0x2=0. 


Non-Singular Matrix: 
A square matrix A is called non-singular if the determinant of A is not equal to 


ZeTo. 


i. 4 
For example A= F ; is non-singular, since det A=1x2—-0x1=2+0. 


Adjoint of a Matrix: 
a b 
Adjoint of a square matrix 4-| a is obtained by interchanging the diagonal 
re 


entries and changing the sign of other entries. Adjoint of matrix A is denoted as Adj 
A. 


d -—-b 
i.e. Adj A -| 


Cc a 


(ii) 
(iii) 
(iv) 


(v) 
(vi) 


Q.2 


(i) 


Exercise 2.1 


Identity which of the following 
are rational and _ irrational 
numbers? 


V3 Irrational number 
~ Rational number 
1 Irrational number 
= Rational number 


7.25 Rational number 
J29 Irrational number 


Convert the following fractions 
into decimal fractions. 


—y 
| 


to 
wa 


17 
Solution: — 
25 


0.68 


25) 170 


—La0 
200 
—200 


—= 0.68 Ans 
23 


- 9 
(ii) x 


Solution: » 
4 


=7.125 Ans 


: 205 

iv — 

(iv) = 

Solution: a 
18 


11.388 


18 \205.000 


25 


(v) 


16 


208 

18 
=11.3888 
=11.3889 Ans 


wol|wn 


Solution: - 
8 


Q.3 
(i) 
(ii) 
(iii) 
(iv) 
(v) 


625 
8)5.000 
48 
20 
-16 
40 
-40 
0 


|| colwm 


wi) 2 


Solution: = 


0.625 Ans 


Pp) 


0.65789... 


38) 250 


—228 
220 
—190 


300 
—266 


340 
—304 


360 
~342 
18 


25 
38 
= 0.65789 Ans 


Which of the following statements are true and which are false? 


Z =" 
= is an irrational number. 


Pe J 
z is an irrational number. 


Ww Ole 


— is a terminating fraction. 


— is a recurring fraction. 


mn} sb Bb 


— is a terminating fraction. 


False 
True 


False 


True 


False 


Q.4 


: 2 
(i) = 
» 
| 2 3 
* 3 3 
Z 
_ Ans. 
WwW = 
4 
5 
-3 -2 =] 0 l 2 3 
3 
iii ]— 
(iti) 4 
3 
4 
jh — 
3 -2. =] 0 I z 3 


Represent the following numbers on the number line. 


(vi) V5 
By Pythagoras theorem 
(Hypoteneus) =(Base) +(Perpencicular) 
(OB) =(2)° +(1) 
(OB) =4+1 
(OB) =5 
Taking square root on both sides 
(GB) = 5 
OB 
f= 32 
' / 
i 2 4 ; i 3 
J5 =. 
Q.5 Give a rational number between Q.6 Express the following recurring 
3 5 decimals as the rational number 
— and — p 
; 4 ? — where p,q are integer 
Solution: q 
Required No between andg#0. 
3 5 
— and — 
4 9 
= F + ;| +2 : = 
4 9 (i) 0.5 
27 +420 Solution: 
7 *% =0.355.... 
= Ss2 JOxx =~ 10% 0.555... 
36 10x=5.555... 
sy Ph yl 10x =5+0.555... 
36 2 10x =5+x 
47 lOx-x=5 
= 7 Ans Ox =5 
5 
x=— 
9 
03 => Ane 
9 


(ii) 0.13 

Solutions: 
Suppose 
x=013 
x= 0.131313... 
100° ¥=100 1.131313... 
100% = 13.13 15... 
100x =13 +0.1313... 
100x =13+x 
100x—x =13 
99x =13 

_i3 


x — 
99 
-.013= LS Ans 
99 


(iii) 0.67 
Solutions: 
Suppose 
¥=067 
x = 0.676767... 


100 x x = 100-x 0.676767... 
100x = 67.6767... 
100x = 67 + 0.6767... 
100x = 67+x 
100x-—x=67 
99x = 67 

67 
= i — — 

99 


0.67 = al Ans 
99 


Exercise 2.2 


Q.1 Identify the property used in the following. 


(i) a+b=b+a Commutative Property w.7.f addition 
(ii)  (ab)c=a(be) Associative Property w.r./ multiplication 
(iii) 7xl=7 Multiplicative Identity 
(iv) x>yorx=yorx<y Trichotomy 
(v) ab =ba Commutative w.r.¢ multiplication 
(vi) at+c=h+c=a+b Cancellation Property of addition 
(vii) 5+(-5)=0 Additive Inverse 
1 oa 
(viii) 7x 7 =] Multiplicative inverse 
(ix) a>b>ac>be(c>0) Multiplicative property 


Q.2 Fill in the following blanks by stating the properties of real numbers used. 


3x+ 3(y—x) 

=3x+3y—3x,... Distributive property 
=3x—3x+3y,... Commutative 
=0+3y,.... Additive Inverse 
ee Additive identity 


Q.3 Give the name of property used in the following. 


(i) 24+0=/24 Additive Identity 
2 
(ii) —-—|5+ £\o|-2 (5)+| - 2 || Distributive Property 
3 2 3 3 || 2 
(iii) 2+(-7)=0 Additive Inverse 
(iv) V3.V3 is areal number. Closure property w.r.t x. 


5 
(v) - ;| - :| = Multiplicative Inverse. 


Exercise 2.3 


Q.1 Write each radical expression in exponential notation and each exponential 
expression in radical notation. Do not simplify. 


(i)  \-64 

= (-64): 
(ii) 25 

— 2? 
(iii) 7 


Q.2 ‘Tell whether the following statements are true or false? 


(i) 55 =./5 False 
(ii) 23 = 4 True 
(iii) J49= V7 False 
(iv) Vx’ =x False 


Q.3 Simplify the following radical expression. 


(i) 125 
Solution: 

= ¥-125 

= 5x —5x—5 


=-5 


Ans 


(ii) 9/32 

Solutions: 
= 432 
=V2%2%2x2%2 


(iii) 3 


Solution: 


a 
1 


¥2x2x2x2x2 


o>) 


i 3 * 
ww) \ 27 


Solution: 


Q.1 


(i) 


Solution: 


Exercise 2.4 


Use laws of 
simplify. 


exponents 


(243)3 (32) 


—~ 
— 
| 
io) 
>— 


413x3x3x3x3x3x3x3x3x3 


ie 


eee 


to 


(ii) (2x° y" ) (-8x° y) 
Solution: (2x° y*) (-8x° y) 
_ l6r yy 

=-16x’y" 


eel Ans 


(iii) cE ; - “| 


yl; “3 
Solution: | - ; 
xy 


3 
—2—4 . =143,-4-0__| 
— x y “2 ] 
> _a\-3 


(iv) (81)".3° -(3)"” (243) 
OR) 


(81)'-3° me JC) 


Solution: 


cae wy 


= 34n a 
Sal 


a4n x5 
a 


J 


ee 


cae 


gangs (3 = 1) 
ee 
= cali has ©) 
= 32 
=|1x3x2 
=6 Ans 


Q.2. Show that 


_ a+b bc as 
b ‘ 
x x e 
b x - x : =] 
i x x 


Proof: 
LAS 


atb b+e oe 
_ x" x’ x 
~) ob oo haem x} — 
x x 


Ce nyate pry" 


xt arb), l(Eelore) . fe-aXora) 


2_ 2 
Cc —a 


Po? yb Ly 


= yt Pe? ar a 
=x? 

=) 

1=R.H.S Ans 


Q.3 Simplify 


1 
23 x(27)3 x(60)2 
oe 
(180)2 «(4)3 «(9)s 
1 ; . 
: 3 2 
Solution: _2? «(273 x(60)?_ 


(180)2 x (4)3 x (9): 


oe «( x(2x 2x3x5)2 


1 


(223x3%5)? «(227 x(34 7 


1 1 1 1 
2 x3(2?)? x32 x §? 


= (2°) (3°)? <(5)2 a e 
1 : 4 


 BRIX2KS XS? 


nr a 
2x3x52x2 3x3? 


= x2" x27 198 9919? x37 x32 2 x5? 


y V 1 = 
+1 Ast Meg Z yy 
= 5 GER y sh 
ae x 3° x §° 
1 2 
— 23 3 x1x] 
A 
— 22 
=2 Ans 


(ii) (216): «(252 
1 
(0.04) 
Solution: (216) «(25)2 


1 
(0.04)? 


1 


=] 


(iii) 5° +(5°) 
Solution: 5° +(5 y 
= 5§ +5° 


(iv) (x) +x" x0 


Exercise 2.5 


Q.1 Evaluate 


(ii) ee 


Solution: 7°” 


bp 


Wy 


=-1 Ans 
(iii) = 7” 
Solution: 

7 


=1 Ans 
(iv) (-i) 
Solution: 

(-i) 

is 


(vy) (+i) 

Solution: ; 
(ay 
= 
=~j*j 
=-(7) J 
=e (yy 
=-(1)(/) 
—i Ans 

(vi) i” 


Solution: /*’ 


Q,2 


(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 


(ii) 


Write the conjugate of 
following numbers. 


2+3i 
=2-3i 
3-—5i 
=3+5i 


the 


Write the real and imaginary 


part of the following numbers. 


L+7 

Real = 1 
Imaginary = | 
—1+ 2) 

Real = -1 
Imaginary = 2 


(11) —31+2 


Real = 2 

Imaginary = - 3 
(iv)  —2-2) 

Real = -2 

Imaginary = - 2 
(v) —3i 

Real = 0 

Imaginary = - 3 
(vi) 2+07 

Real = 2 


Imaginary = 0 


Q.4 ‘Find the value of x and y if 
x+iy+1=4-37 
Solution: Given that 
x+iy+1=4-3i 
x+iy=4-3i-1 
x+y 3-32 


Exercise 2.6 


Q.1 Identify the following statement as true or false. 
(i) V¥-3V-3 =3 False 
Gi) i? =-i False 
(iii) 9 7? =-1 True 
(iv) Complex conjugate of (61 +7°) is (-1+ 67) True 
(v) Difference of a complex number z=a@+5i and its conjugate is areal number. False 
(vi) If (a—1)—(6+3)i=5+8i, then a=6 andb=-11. True 
(vii) Product of a complex number and its conjugate is always a non-negative real number. 
True 
(iv) 27” +67° + 37° — 67 4.47” 
me Eepreastie See eonyyee Solution: 2i° +6i° +3i'° —6/"° + 477° 
number in the standard form bh. ab sears edie 
a+hbi, where a and / are real = 2(-))' 416i + 3(i yom GU). HAC). I 
number. =-2+6(-1)i+3(-1) -6(-1).i+4(-1)° 7 
=-2-61+3-6(-1)i+4(+1)i 
(i) — (2+3/)+(7-24) =1- of + of +4i 
Solution: =1+47 Ans 
=24+3i+74+2i 
=2+7+3i-2i 
=9+i7 Ans ; ; ‘ 
Q.3 Simplify and write your answer 
in the form a+bi 
(ii) 2(5+4/)—3(7+ 4s) 


Solution: 2(5 + 47)—3(7+ 47) 


(iii) 


= 10+ 8i -—21-12i 
=10-—21+48/ -12/ 
=-—l]1—4/ Ans 


(-3 + 5i)—(4+ 97) 


Solution: (—3 + 5i)—(4+9/) 


=+3-—51-4-9] 
=3-—4—-5i-9] 
=-]-147 Ans 


(i)  (—7+3i)(-3 +27) 
Solution: (—7 +3/)(-3 + 2) 
=-7(-3+2i)+3i(-3 +27) 
= 21-141 —9i + 67 
= 21-231 +6(-1) 
= 21+ 231-6 
= 21-6 —23i 
=15-—237 Ans 


w (2Va)e-V9) 


Solution: (2 - V-4)(3 = V-4) 


(iii) 


=(2-V4x-1)(3-V4x-1) 
“(2 |(o-aF 

= (2-2i)(3-—2/) 

= 2(3-2i)-2i(3-2/) 
=6—4i-61+ 47 
=6-10i+ 4(-1) 


=6-10;-4 
=2-10i Ans 


(8-s) 


Solution: (V5 - 3/) 


(iv) 


=(V5) +(3/)' - 2(V/5)(3/) 
=5+9i -6V5i 
=5+9(-1)-6V5i 

= 5-9-5 

= -4-6V5i Ans 


(2-3/)(3-2/) 


Solution: (2— 3i) (3-21) 


Q.4 


= (2-3/)(3 + 27) 

= 2(3+ 27) —3i(3 +27) 
=64+ 4i —9i — 67" 
=6-5i-6(-1) 
=6-5i+6 
=6+6-5Si 

=12-5i Ans 


Simplify and write your answer 
in the form a+hi. 


-2 
yo 2s 


l+i 


Solution: = 
1+7 


(ii) 


243i 


Solution: 
-i 
_ 243i gurl 
4-j 4+i 
_ (2+3i)(4+/) 


(4) -() 


_2(4+i)+3i(4+i) 


16—(-1) 
— 84+2)+121+3i7 
1641 
_ 8+47+3(-1) 
a 
_ 8+14i-3 


_ -6-191+7(-1) 


Solution: 
9+1 
_9-Ti 371 _ -6-191-7 
ott. 3-1 7 10 
ae) _~6- 7-19 
(3) —(i) 10 
_ 9(3-1)-7i(3-i) a 
~  -9-(-1) ae 
13 197 
_ 27-91-2147 “Fo 107" 
9+] 
27-30) + 7(-1) 
10 ; 
_27-30i-7 v) bell 
10 l-i 
277-301 = 
~ 10. Solution: | 
_ 20-30i 2 
10 ma 
10 10 + ey 
ee BU ec 
(1) +(i) -2ab 
“+0 200 
ivy 22514 (1) +() -20)() 
3+% 3+i _ 14+(-1)+2i 
Solution: a +1+(-1)-27 
3+7 3+i 1 7 > 
2-6i-(4+i) ees le 
=o) {-f-2 
34+1 
_2-6i-4-i oe = 
3H — 2 
_2-4-6i-i =-] 
ey): 
~ “343 
Oe 
— a =, Qa 
22-7) 3-i (2+3/)(1-/) 
3+i 00 3-1 Sclidon? -—— = 
_ =23-)-713-1) (2a80 es) 
G) -@ a ae 
6421-21147" 2(1-i)+3i(1-/) 
— 9-(-1) 


9 = 954 31=3F 


Q.5 Calculate 


(a)z(b)z +z(c)z _ z(d)zz for 


each of the following. 


(i) z=-i 
Solution: z = —i 
(a) Z=+1 


(b) z+z=-i+i 


(ii) z=2+i 
Solution: z=2+/ 
z+2i 


(a) z=2-i 

(b) z+z=(2+i)+(2-i) 
=2+/+2-/ 

=2+2 

-4 


(c) z-z =(2+i)-(2-i) 
=2+i-2+i 

= 2h 

(d) zz =(2+i)(2-i) 

= (2)°~(i) 

=4-7° 

=4-(-1) 


=4+1 
= 5 Ans 


(ii) 9z=—— 


Solution: z= Lar 
l-j 

1+7 1+i 

——_ « —_ 

l-# l1+i 

: I(1+7)+i(1 +i) 

~ (1-a)(14+i) 


_1+i+i+(-1) 


(1) -(i) 


_1+2i+(-1) 


> 
a 


(a) z=-i 


x 


244i 2-4 

_ 4(2-4i)—3i(2- 47) 

_ 8-161 — 67 +12i° 
(2) -(4i) 

_ 8-22/+12(-1) 

4-167 

_ 8-22i-12 

~ 4—16(=1) 

8—12-22i 


pe) Le eee eee 4+-A- — — 
5 10 /5 10 
— i, i, 1-11 
10 10 10 
ll, 
a I 
Ww 
11 
=-—i 
5 


Q.6 If z=2+3/ and show that. 


(i) zt+w=zt+w 
Solution: z+w=z+w 
z+w=24+31+5-4 
=24+5+3i-4i 
=7-i 
L.H.S = z+w 
=7-i 
=7+i ee 6 
R. H.S =z+w 
=(2+37)+(5—47) 
=2-31+5+4 
~A,£ Blas 


(il) 


(ii) 


=7+i 


From (i) and (ii) we get 
L.H.S=R.H.S 
zt+w=z+w 

Hence proved 


N 


—W=Z-W 


Solution: z—w=Z-—w 


(iii) 


z—w =(2+3i)-(5-4/) 


=2+3i-5+4/ 
= 2-54+3i+4i 
=-3+7i 
L.H.S =z—w 
=-34+7i 
=-3-7i 
R.H.S = z—w 


=(2+3)-(5—47) 
= 2+3i-(5+ 4/) 
== B54) 
Listy 
From (i) and (ii) we get 
L.H.S=R.H.S 
Z—-W=Z-W 


Hence proved 


mw=ZW 


Solutions: zw =Zzw 


zw =(2+3/)(5+ 47) 
= 2(5—47)+3i(5-4/) 
=10—8/ +15i-127? 
=10+7i-12(-1) 
=10+77+12 
=22+7i 
L.H.S = zw 
=2247i 
=22-Ti 
R.H.S = zw 


=(2+3/)(5-4/) 


... (A) 


Solutions: = =— 


= (2-37)(5+ 47) 
= 2(5+4i)—31(5+ 47) 
=10+8i-15i-12i7 
=10-7i-12(-1) 
=10-7/+12 
=22-7i 
From (1) and (ii) we get 
L.H.S=R.H.S 
zw = Zw 
Hence proved 


Ww 
2 _ 243i 544i 
w 5-4) 5+4) 
— 2(5+41)+3i (5+ 4/) 
~ (5-4i)(5+4i) 
— 104+ 81+ 157 +127° 
(5) =(4iy 
— 10+23i+12(-1) 
25-167 
_ 10+23%-12 
25-(6(-1) 


_10+234-12 


_ 2-3! 

(54-4 

_ 2-31 5-4 
5+4i 5-4 

_ 2(5-4i)-3i(5-4i) 

~ (5+4i)(5—4i) 

_ 10-84 -157 +127" 
(5) -(4i) 

_ 10-23 +12(-1) 

25-167 

_ 10-234+12(-1) 

~ 25-16(-1) 

_10-234-12 


a The Sivas Mk) 
From (i) and (ii) we get 
L.H.S=R.H.S 
Hence Proved 


l =\ 
(v) iG +2) is the real part of z. 


z+z) 
=—| (2+3/) +(2+3%) | 
= =[(2+3i)+(2-31)] 
= [2+ 3 +2- 3] 


=5[2+2] 


=2=Re(z) 
s(z - z) is the real part of 


z. Ans 


(vi) 


<(z = z) is the imaginary part of 


Solution: (2 - 2) 


] 
al? 


Q.7 


(i) 


= >[(2+3/)-(2-3/)] 
= [2431-2431] 
sia 
= 3) 

= Imaginary (z) 


2) is the imaginary part of z. Ans 


Solve the following equations for 
real x andy. 


(2—3i)(x+ yi)=44i 


Solution: (2—3/)(x+yi)=4+i 


4+i 


_ Ati 243i 
2-3) 243i 
_ 4(24+3i)+i(2+3/) 
~— (2-31)(2+3/) 
84121427439 
(2) -(Giy 
_ 8+14/+3(-1) 
4-97? 
_ 8+147-3 
_ 8-3414i 
449 


_ 5414! 1ly=0 
13 
x+ pe ey a 
4 13 1] 
5 14 
=—,y=— Ans - 
a “1s y=0 
Putting y=O0 in equation (1) 
x+2y=-l 
(ii)  (8-2i)(x+ yi) = 2(x—-2yi)+ 21-1 x+2(0)=-1 
Solution: x+0=--]1 
(3 —2i)(x+ yi) = 2(x-2yi)+2i-1 
3(x+ yi)—2i(x+ yi) =2x—4yi +2i-1 x=-1+0 
3x +3 yi —2xi-2yi” =(2x-1)+i(2-4y) ses Wt ais 
3x +(3x—2x)i-2y(-1) =(2x-1)+7(2-4y) 
3x+(3y-2x)i+2y =(2x-1)+i(2-4) 
(3x+2y)+(3y—2x)i =(2x-1)+(2-4y)i 
Comparing the real and imaginary parts. (iii) (34 4i) —2(x-yi)=x+ yi 
3x+2y pix 
3y—2x =2-4y 2 
kay | Solution: (3+4/) —2(x-yi)=x+ yi 
3y—2x=2—4y aa ; 
gages (3+4i) -2(x-yi)=x+ yi 
-2x+3y+4y=2 9+ 24 +167 —2x+2yW=x+yi 
—2x+7y=2 9+ 24i+16(-1)—2x+2yi=x+ yi 
x+2y=-] (i) 9+ 24) -16-—2x+2yi =x+ yi 
—2x+7Ty=2 (ii) 9+ 24i-16—-2x =x+2yi-yi=0 
Multiply equation (i) with (2) 9+ 24i -16-3x+ yi =0 
2(x+2y)=-1x2 3x + yi =-9—247 +16 
2x+4y=-2 (iii) —3x+ yi =16—9—24i 
WB +4y =F —3x+ yi=7-24 
ee eee Z Comparing the real and imaginary parts. 


Review Exercise 2 


Q.1 Multiple choice questions. Choose the correct answer. 


@) = (27x")3 
ee aay 
Ve vx 
— as 
(ii) Write Vx in the exponential form 
(a) x (b) x’ 
(c) x7 (d) x? 
(iii) Write 4 with radical sing 
(a) V4? (b) V4" 
(c) V4 (d) V4° 
(iv) In 3/35 the radicand is; 
1 
(a) 3 (b) 5 
(c) 35 (d) None 
25) 2 
(v) (=) — 
co 4 
(a) 4 (b) 5 
5 4 
(c) “4 (d) "5 
(vi) The conjugate of 5+ 47 is 
(a) -5+ 47 (b) —5 —4i 
(c) 5—47 (d) 54+ 47 


(vii) The value of 7” is; 
(a) | (b) -1 
(c) / (d) —7 


(vill) very real number is 


(ix) 


(x) 


(xi) 


(xii) 


(xiii) 


(xiv) 


(xv) 


(a) Positive integer (b) A rational number 
(c) A negative integer (d) A complex number 


Real point of 2ab(i + i’) is 

(a) 2ab (b) —2ab 

(c) 2abi (d) —2abi 

Imaginary part of —i(3/+2) is 

(a) —2 (b) 2 

(c) 3 (d) -3 

Which of the following sets have the closure property w.r.t addition 


(a) {0} (b) {0,1! 


(©) {0.1} (d) (13.3) 


. | wf 5 
Name the property of real number used in 8] x= NS 
(a) Additive identity (b) Additive inverse 
(c) Multiplicative identity (d) Multiplicative inverse 


If x, y, ZO R,Z< 0, then ¥ Oy> ./ 
(a) xz < yz (b) xz > yz 
{c) x2= 32 (d) None of these 


IF a,be © RK, only one of a=) or a<bora>b hold is called 
(a) Trichotomy property (b) Transitive property 
(c) Additive property (d) Multiplicative property 


A non-terminating, non-recurring decimal represents ... 
(a) A natural number (b) A rational number 
(c) An irrational number (d) A prime number 


ANSWER KEY 


Decimal representation of a rational number is either terminating or recurring 


. 32x °y sz 
(iv) —__—— 
625x" yz" 


Solution: 


VU.2 irue or False? Identity 
(i) Division is not an associative operation. True 
(ii) Every whole number is a natural number. False 
(iii) Multiplicative inverse of 0.02 is 50. True 
(iv) —_z is rational number. False 
(v) Every integer is a rational number. True 
(vi) Subtraction is a commutative operation. False 
(vii) Every real number is a rational number. False 
(viii) 
, = 8 
(ix) 18=1+— True 
9 
Q.3 Simplify the following 
(i) Sele “x” 
Solution: 
1 
= (3° yx *)s 
4 | 403 1 g? | 
—3 4 y Ay 4 
= 3y 3y 2 
4 12:,,-3 3 
Sly “x =——~ Ans 
vox" 
(ii) 25%°5"" 
Solution: 
= 25a" yh 
l 
= (Shai ye y 
2 l Lon Bi x 
=f 4x “gr 
[25x!° 8" = olan Ans 
-_ xy*z? [5 
(ili) - 
yy 
Solution: 


toa | 


* 


5 


ws | to 


A) to 
2 


. True 


Ans 


216)3 x(25)2 an tat 
3 2 — 
0.4 Simplify [C2182 *@5)° sah 


(0.04)? 
(216): «(25) 
(0.04): 5 


Solution: 


2/ 2m 2n 
. é a a a 
2 Q.6 Simplify lim m+n nm+2 
6 x5 a a a 
7 <e Solution: 
* 2 7) ae ey ee 
(5 ) —q”! I mM ym m agen n-n 
5 _ _yl-m mn nl 
= > es : _ Clee 
= - —a 


(5) a 


0 
_ 6° aq”! ae” a" 
= 53 “ar llier\herey . ABS 
a a” a’ 
Q.7 Simplify 3/— x 3/— x3 
m n r 
a a ad 


Solution: 
_ $f qi-m 3f qn 31 q?! 
1 1 1 
= (a’”)s x (a”")s x (a”’)s 
l-m mn n-l 


=g °° xq > xq 


x 
Ul 


I 
a 1S) 
Mn] an Ww to 
| t 
sy 2 


ba| 


—_ 
ba 


WMI o 


lI 
Nn|a- ~ 


= Ans ti eS 
1) a 
f-prtem—ntn-l 
=2 3 
0 
a? p+q a’ qti = 
~\P 
Q.5 ae x —- +S(a'a’) —q° 
f a 
P : a a” a’ 
Solution: 3} — x 3] — x 3] — =] Ans 
—g\Pta _y\@r a d 
(a) (@"’) 
 8(anry 
GP p+4) yla-rMatr) 


5qiP th p-r) 


nit 2: Real and Complex Numbers 


Natural Numbers: 

The numbers 1, 2,3,...which we use for counting certain objects are called natural 
numbers or positive integers. The set natural numbers is denoted by N. 

i; N= 41,2, 3;.0:4 


Whole Numbers: 
If we include 0 in the set of natural number, the resulting set is the set of whole 
numbers, denoted by W, 


ie. W401, 2,3 .05.4 


Integers: 
The set of integers consist of positive integers, 0 and negative integers and is denoted 
by Zi, Zf.5-3,-2,-1,0;1,2,3,..3 


o09 > 


Rational Numbers: 


: ? 
All numbers of the form 2 where p,q are integers and gis not zero are called 
q 
rational numbers. The set of rational numbers is denoted by Q, 


| 


1G 0-|Fipgezng+0(p.4)=1 
q 


Irrational Numbers: 
The numbers which cannot be expressed as quotient of integers are called irrational 
numbers. The set of irrational numbers is denoted by O’ , 


Lie o={x1x-2 pgezngeo| 
q 


The union of the set of rational numbers and irrational numbers is known as the set of 
real numbers. It is denoted by R, 
ie L=OwC 


Types of Rational Numbers: 


(i) Terminating Decimal Fractions 
The decimal fraction in which there are finite number of digits in its decimal part is 


called a terminating decimal fraction. For example = = 0.4 and a 0,375. 


(ii) Recurring and Non-terminating Decimal Fractions: 
The decimal fraction (non-terminating) in which some digits are repeated again and 
again in the same order in its decimal part is called recurring decimal fraction. 


For example = = 0.2222... and = - 0.363636... 


Concept of Radicals and Radicands: 
In the radical %/a , the symbol Vis called the radical sign, n is called the index of 
the radical and the real number a under the radical sign is called the radicand or base. 


Base and Exponent: 
In the exponential notation of (read as a to the nth power) we call ‘a’ as the base and 


‘was the exponent or the power t which the base is raised. 


Definition of a Complex Number: 
A number of the form z =a+bi where a and b are real numbers and i—J—1 , 1s called 


a complex number and is represented by z1.e., z=a+ib 


Conjugate of a Complex Number: 
If we change 7 to —/in z=a-+bi,we obtain another complex number a —bi called the 


complex conjugate of z and is denoted by Z (read z bar). 


Exercise 3.1 


Q.1 Express each of the following numbers in scientific notations. 


(i) 5700 
=57x10° Ans 
(ii) 49_.800,000 
=4.98x10’ Ans 
(iii) 96000000 


=9.6x10' Ans 
(iv) 4169 

=4169x10° Ans 
(v) 83000 

=8.3x10* Ans 


(vi) 0.00643 
= 6.43x10° Ans 
(vii) 0.0074 
=7.4x10° Ans 
(viii) 60,000,000 


=6x10’ Ans 
(ix) —0.00000000395 

=3.95x10° Ans 

275000 

0.0025 
2.75x10° 

_ et — Ans 
2.5x10° 


(x) 


Q.2. Express the following number in ordinary notation. 


(i) 6x107 

= 0.0006 Ans 
(ii) 5.06 10° 

= 50600000000 Ans 
(iii) 9.018*10° 

= 0,000009018 Ans 
(iv) 7.865*10° 

= 786500000 Ans 


Exercise 3.2 


Q.1 Find the common logarithms of 
each of the following numbers. 


(i) 232.92 

Solution: 232.92 
Suppose x = 232.92 
Taking log 
log x = log 232.92 
Ch=2 
Mantissa = 0.3672 
log x =2.3672 Ans 


(ii) 29.326 

Solution: 29.326 
Suppose x = 29.326 
Taking log 
log x = log 29.326 
Cn=1 
Mantissa = 0.4672 
logx =1.4672 Ans 


(iii) 0.00032 
Solution: 0.00032 


Suppose x = 0.00032 


Taking log 

log x = log 0.00032 
Ch=4 

Mantissa = 0.5051 
log x = 4.5051 Ans 


(iv) 0.3206 

Solution: 0.3206 
Suppose x = 0.3206 
Taking log: 
log x = log 0.3206 
Ch=\| 
Mantissa = 0.5059 
log x = 1.5059 Ans 


Q.2 


(i) 

(ii) 
(iii) 
(iv) 


If log 31.09=1.4926, find the 


value of the following. 
If 


log 31.09 = 1.4926 
Then 
log 3.109 = 0.4926 


log 310.9 = 2.4926 
log 0.003109 = 3.4926 
0.3109 = 1.4926 


Solution: 


(i) 


(ii) 


(iii) 


(iv) 


Q.3 


(i) 


log3.109 
Characteristics = 0 
Mantissa = 0.4926 
log3.109 = 0.4926 Ans 


log310.9 


Characteristics = 2 
Mantissa =0.4926 
log310.9 =2.4926 Ans 


log. 0.003109 


Characteristics =3 
Mantissa = 0.4926 


log 0.003109 = 3.4926 Ans 
log 0.3109 


Characteristics = 1 
Mantissa = 0.4926 


log 0.3109 = 1.4926 Ans 


Find the numbers’ whose 
common logarithms are 


3.5621 


Solution: 


(ii) 


log x =3.5621 


Ch=3(If ch is positive, then plus for 
reference point) 

Mantissa = 0.5621 

x =antilog3.5621 

x =3649.0 Ans 


1.7427 


Solution: 


Q.4 


(i) 


(Mantissa = 0.7427 
x = antilog 1.7427 
x =0.5530 Ans 


What replacement for the 
unknown in each of the following 
will make the true statements? 


log, 81=L 


Solution: log, 81=L 


(ii) 


Writing in exponential form. 
3 =61 
3° =3" 


* Bases are equal so 


L=4 Ans 


log, 6=0.5 


Solution: log, 6 = 0.5 


sides 


(iii) 


(iv) 


a =6 
1 
a =6 


Va =6 Taking square on both 


ila) = (6) 


a=36 Ans 


log, n= 2 

Write in exponential form 
S77 
25=h 

Or n= 25 Ans 


10° =40 


Solution: 10° =40 


Changing into logarithmic form 
P =log,, 40 

= log 40 

= 1.6021 Ans 


Q.5 
(i) 


Evaluate. 


log, — 
©2198 


Solution: log, Zs 
128 


] 
Suppose log, —- =x 


(ii) 


“128 
Writing in exponential form. 
1 
~ 128 
] 
a 
on = ot 


x 


‘ Bases are equal so 


x=-7 Ans 


log 512 to the base Qn/2. 


Solution: log, , 512=x 


Q.6 


(i) 


Writing in exponential form 


(2V2) =512 
far $y 


2?” =29 
* Bases are equal so 
5 yea 
9K? 
SS 
3 
= a 
x=6 Ans 


Find the value of x from the 
following statements. 


log, x=5 


Solution: log, x =5 


Write in exponential form. 
2 x 
32=x Ans 


(ul) GE, SH 
Solution: log,, 9 =x 
Writing in the exponential form. 


$1* =9 
(9°) =9 
G9 
2= 
x=— Ans 


was x 
(iii) log.,8= ; 


' x 
Solution: log.,8= a 
Writing in exponential form. 


642 =8 


(iv) log,64=2 
Solution: log 64 = 2 
Writing in exponential form 


x =64 
x =87 
x=8 Ans 


(v) log, x =4 
Solution: log, x = 4 
3¢=x 
sL= x 
Or x=81 Ans 


Exercise 3.3 


Q.1 Write the following into sum or 
difference log( Ax B) 


(i) log(AxB) 
Solution: log (A xB) 
log Ax B=logA+log& Ans 


15:2 
30:5 


(ii) log 


30.5 


ae =log15.2—log30.5 Ans 
a 


Solution: log 


21x5 


8 
21x5 


(iii) log 


Solution: log 


log — =log(21x5)-log8 
=log21+log5—log8 Ans 
7 
iv log 3/— 
(iv) Sii5 


Solution: log sl 
15 


=-—log7 —hiog15 Ans 
3 3 


(v) log = 
1 
Solution: log 
: 
co all log 223 —log 5° 


lo ; 
g 53 


=~ log 22 —3log5 Ans 
J 


25x97 
vi log 
(vi) 8 
25x97 


Solution: log ae 


log a log (25x 47)—log 29 


=log25+log47—log29 Ans 


Q.2 — Express 
logx—2log. x +3log(x +1)—log (x? —l)as 


a single logarithm. 
Solution: 


log x2 log x +3log(x +1) —log(x° -1) 


= log x—log x’ +log(x+1) —log(x° -1) 


(ii) 


(iii) 


(iv) 


Q.4 
(i) 


Write the following in the form 


of a single logarithm. 


log21+log5 
Solution: log21+log5 
=log(21x5) Ans 


log 25—2log3 

Solution: log 25—2log3 
= log 25—2log3 

= log 25 —log 3° 


25 
= Ans 


J 


=log 


2logx—3log y 

Solution: 2logx—3log y 
=2logx—3log y 

=logx* —log y’ 


x 


= log 2 Ans 
vy 


log5 +log 6—log 2 

Solution: log5+log6—log2 
=log5+log6—log 2 

= log (5x 6)—log 2 


5x6 


= log Ans 


Calculate the following. 


log, 2x log, 81 


Solution: log, 2x log, 81 
_ log? logs! 

log3 logd 
_ log 81 

log3 


log 3° 


(ii) log, log, 25 


Solution: log, log, 25 


7 log 5 logS 


_ log25 
log 5 


7 log 5° 

~ logs 
2logs 
logs 


=2 Ans 


Q.5 If  log2=0.3010,log3 =0.4771 
and log5=0.6990, then find the 
values of the following. 


(i) log 32 
=log2° 
“ using 3” law of logarithm 
=Slog2 
By putting the value of log 2 
= 5(0.3010) 
=1.5050 Ans 


(ii) log 24 
Solution: log 24 
= log(2° x 3) 
=log 2° +log3 
=3log2+log3 
By putting the value of log2 and log3 
= 3(0.3010)+ 0.4771 


= 0,9030+ 0.4771 
= 1.3801 Ans 


1 
iii log ,/3— 
(ili) g,/ ? 
; 1 
Solution: log 3 
1 
=tog{ J 
3 


= Ftog| => 
2 3 


= = (log2+logs —log3) 


By putting the values of log2,log3 and 


log 5 
= * (0.3010 +0,69900-0.4771) 
l 
= —(1—0.4771) 
2 
= * (0.5229) 
2 
= 0.26145 Ans 
(iv) log® 
Ba ) 


Solution: log= 


=log 2° -log3 
=3log2—log3 

By putting the values of log2 and log3 
= 3(0.3010)-0.4771 


= 0.9030 — 0.4771 
= 0.4259 Ans 


(v) log 30 
Solution: log 30 
= log (5x 2x3) 

‘ using first law of logarithm 

=log5+log2+log3 

By putting the values of log2,log3 log 5 
= (0.6990) + (0.3010) + (0.4771) 
= 1.4771 Ans 


Q.1 


(i) 


(ii) 


Exercise 3.4 


Use log tables to find the value of 


0.8176 x 13.64 

Solution: 0.8176 x 13.64 

Suppose 

x =0.8176x 13.64 

Taking log on both sides 

log x = log (0.8176 x 13.64) 

According to first law of logarithm 

log x = log 0.8176+ log13.64 
= 1.9125+11348 

log x =—14+ 0.9125+1.1348 

log x =1.0473 

To find antilog 

x = antilog 1.0473 

Ch =1 

x=1,116 

Reference point 

x=11.15Ans 


1 
(789.5)8 
1 
Solution: (789.5)s 


Let x = (789.5) 

Taking log on both sides 
logx = log(789.5) 
According to third law 
log x = slog (789.5) 


logx= 5 (2.8974) 
_ 2.8974 


8 
log x = 0.3622 
To find antilog 
x = antilog 0.3622 
Characteristics = 0 


x =2.302 
Reference point 
x =2.302 Ans 


0.678 x9.01 


0.0234 


: 0.678x9.01 
Solution: ———————_ 
0.0234 


(iii) 


Suppose 
__ 0.678 x 9.01 


0.0234 
Taking log on both sides 
, 0:678x9.01 


logs los ons 

According to 1“ and 2™ law of log 
log x = log 0.678 + log 9.01—log 0.0234 
log x = 1.8312 + 0.9547 — 2.3692 
=-1+0.8312+0.9547 —(—2 + 0.3692) 


= 2.4167 

To find antilog 

x = antilog 2.4167 
Characteristics = 2 
KE 610 

x = 261.0 Ans 


(iv) 2.709 x ¥1.239 
Solution: </2.709 x 1.239 
1 1 
(2.709)5 x(1.239)7 
Suppose: 
1 1 
x = (2.709) x(1.239)7 
Taking log on both side 
] ] 
log x = log) (2.709): x(1 239)" | 
According to law of logarithm 
1 1 
log x = log (2.709); + log (1.239)? 
According to third law of logarithm 


log x= slog (2.709) + log (1.239) 


log.x = =log (2.709) + log (1.239) 


~19.4328+10.0931 
5 7 


_ 0.4328 in 0.0931 
5) 7 

0.0866 + 0.0133 

= 0.0999 

To find antilog 

x =antilog 0.999 

Characteristics = 0 

*=1.239 

Reference point 

x =1.259 Ans 


1,23 x 0.6975 


0.0075 x 1278 
1.23 x 0.6975 


0.0075 x 1278 


(v) 


Solution: 


Suppose 
_ 1.23x0,6975 


xX = 
0.0075 x 1278 
1.23 x 0.6975 
log x = log ——————— 
0.0075 x 1278 
= log (1.23 x 0.6975) ~ log (0.0075 1278) 


= log 1.23 + log 0.6975 — (log 0.0075 +1og 1278) 
= log 1.23 + log 0.6975 —log 0.0075 —log 1278 


= 0.0899 + 1.8435 —3,.8751—3.1065 

= 0.8999 +(—1+40.8435) —(—3 +0.8751) +3. 1065 
=-1.0482 

log x =-2+2-1.0482 

log x = 02+0.9515 


log x = 2.9518 

To find antilog 

x = antilog 2.9518 
Ch= 2 

x = 8950 

= 0.08950 Ans 


(vi) 


{0.7214 x 20.37 
\ 60.8 
3 0.7214 20.37 
Solution: 3;—————_ 
60.8 


1 

0.7214 x 20.37 |3 
60.8 

Taking log on both sides 


] 
aoe 


Letx=| 


log x = log oie 


3" of logarithm 


1 0.7214 20.37 
log x = —log] ——————_- 
3 60.8 


According to first and 2"4 law 


log.x = —[log0.7214 + log37 —10g60 8] 


logx = = [i882 +1.3089-1.7839 | 


(vii) 


st + 0.8582 +1.3089—1 7839] 


-*(-0.6168) 
3 
='+0'2056 
log x is in negative, so 
log x =—-1+1-—0.2056 
=-1+79144 
= 1.7944 
To find antilog 
x = antilog 1.7944 


Ch= 1 
x=6229 
Reference point 
0.6229 Ans 
83x 92 
127 x ¥246 
. 83x 4/92 
Solution: ———_— 
127 x 7246 
83x 92 


Suppose: x = = 
- 127 x 2/246 


83x (92): 
= an 
127 x (246)5 
Taking on both side 


1 
127x (246)5 


According to 1“ and 2" law of log 


| 1 
log x = log83 +log(92)3 —log127 —log(246)5 


According to third law of log 
log x = log83+ slog 92 —log 27 - =log 246 


logx = (1.9191) + (1.9638) — (2.1038) 


3 
-=(2.3909) 


= 1.9191 + 0.65460 — 2.1038 — 0.47818 
=1.9191+0.6546—2.1038—0.47818 
=—0.0083 

logx is in negative, so 

log x =—1+1-—0.0083 

=—1+0,9917 

=|9>17 

To find antilog 

x= antilog 1.9917 

Ch= 1 

x=9.811 

Reference point 

x = 0.9811 Ans 


(438) /0.056 


(viii) (388) 5 


(438)’ /0.056 
(388) 


(438) V0.056 


(388): 


Solution: 


Suppose: x = 


_ (438) (0.056) 
G88) 


x 1 
(438) (0.056)? 
(388) 
Taking log on both side 


(438) (0.056): 


log x = log (388) 


According to 1“ and 2™ law 


3 1 P 
log x =log (438) +log (0.056)? —log (388) 


According to third law 
log x = 3log (438) +<log (0.056) —4log (38) 


logx = 3(2.6415) + (27482) —4(2.5888) 


= 7.9245 +—(-2+0,7482) —10,3552 


= 7.9245 +5(-1 2518) =—10.3552 


= 7.9245 — 0.6259 —10.3552 

= —3.0566 

log is in negative, so 

log x =—4+ 4—3.0566 
=—4+ 0.9434 

To find antilog 

x =antilog 4.9434 

Ch=4 

x = 8778 

Reference point 

= 0.0008778 Ans 


Q.2. A gas is expanding according to 
the law pv"=C. 
Find C when p = 80, v = 3.1 and 
n=-. 
4 
Solution: Given that pv"= C 
Taking log on both sides 
Log (pv")= log C 
Log P+log v= log C 
Log C =log P+log v” 
Log C =log P+n log v 


=) 
Putting P=80, v=3.1 and n= r 


Q.3 


Q.4 


Log C = log s0+> log 3.1 


=1,9031+= (0.4914) 


=1].9031+0.6143 

Log C=2.5174 

Taking antilog both sides 
C=Antilog (2.5174) 
C=329.2 Ans: 


The formula p= 90 (5)""" applies 
to the demand of a_ product, 
where q is the number of units 
and p is the price of one unit. 
How many units’ will be 
demanded if the price is Rs 
18.00? 


Solution: Given that p = 90(5)1 
Taking log on both sides 


a 
Log p= loe{ 90(5)! 
Log p=log90+log5 10 

q 
Log P =log 90-10 log 5 

q 
Log 18= log 90-19 log 5 
(P =18) 

& 
1.2553=1.9542- 19 x 0.6990 

oi 
1.2553-1.9542 =- 10 x 0.6990 
-0.6989 x 10 =- q x 0.6990 
-6.989=-g x 0.6996 
6.989=q x 0.6996 
6.989 

0.6990 =g 


g =10 approximately 
Hence 10 units will be demanded 


If A=zr’, find A, when 7 == 


andr=15. 

Solution: Given that A= zr° 
Taking log on both sides 

Log A=log zr’ 

Log A=log z +log 7° 


Log A=log 7+2 log r 
, 22 
Putting a= andr =15 


pe) 
Log A=log a log 15 


=log 22-log 7+2 log 15 
=1.3424-0.8451+2(1.1761) 
=0.4973+2.3522 

Log A=2.8495 

Taking antilog on both sides 
A=antilog 2.8495 

A=707.1 Ans 


Q.5 If V == ar'h, 


a= = »’=2.5and h=4.,2. 


find V, when 


Solution: Given that )’ = a 
Taking log on both sides 


Log =log ; arh 


| 2 
=log a +log zr-h 


=log I-log 3+ log zr? + logh 
= 0-0.4771+ log z+log r°+ logh 


22 
=-0.4771+ log at logr + logh 


[= = =r =25 andA= 42] 


= —0.4771+ log 22 —log7 + 2log2.5+ log 4.2 


=—0.4771+1.3424—-0.8450+ 2 x0.3979+0,6232 
=—0.4771+1.3424—0.8450 + 0.7959 + 0.6232 
Log V=1.4394 

Taking antilog on both sides 

V=antilog 1.4394 

V=27.50 Ans 


Review Exercise 3 


Q.1 Multiple choice Questions. Choose of the correct answer. 


(i) If a* =n, then... 


(a) a=log.n (b) x=log,a 
(c) x=log,7 (d) a=log, x 


(ii) The relation y=log-x implies... 


(a) x”=z (b) 2 =x 
(c) x=y (d) yx 
(iii) The logarithm of unity to any base is... 
(a) | (b) 10 
(c)e (d) 0 
(iv) The logarithm of any number to itself as base is... 
(a) 1 (b) 0 
(c)e (d) 10 
(v) Log e=...,where e= 2.718 
(a) 0 (b) 0.4343 
(c)x (d) | 
(vi) The value of log (2) is... 
q 
log 
(a)log p —logg (b) == 
log g 
(c)log p+log¢g (d) logg —log p 
(vii) Log p-log qg is same as... 
¢ 
(a) oe (b) log(p-q) 
log p 
) Be (d) log q—log p 
logy 


(viii) Log(m”) can be written as... 
(a) (logm)’ (b) m log n 


(c) n log m (d) log(mn) 


(1x) 


(x) 


Q.2 
(i) 
(ii) 
(iii) 
(iv) 
(v) 


(vi) 


Q.3 


(i) 


(ii) 


log, axlog. b can be written as... 


(a) logac (b) log.a 
(c) logab (d) logac 
Log,x will be equal to... 
log, x log. z 
(a) ==: (b) = 
log,, 2 log, z 
log. x log. 
(c) = (d) 5 
log. y log. x 


Complete the following: 


For common logarithm, the base is... 
The integral part of the common logarithm of a number is called the ... 

The decimal part of the common logarithm of a number is called the ... 

If x = log y, then y is called the... of x. 

If the characteristic of the logarithm of a number have...zero(s) immediately after the 
decimal point. 

If the characteristic of the logarithm of a number is 1, that number will have digits in 
its integral part. 

ANSWER KEY 


i ii ill iv Vv vi 
Characteristic | Mantissa | Antilogarithm | One| 2 | 


4* = 256 
Find the value of x in the 4° = 4! 
following. 7 
x=4 
log, x =5 x=4 Ans 
Solution: log, x =5 
Write in exponential form. | 
Seca (iii)  log.,,5=—x 
243 =x Ans ' 
Solution: log,,.5= ri 
los. 258— % Write in exponential form 
Se # ; 
Solution: log, 256 = x (625)*" =5 
Write in exponential form x 
(625)4 =5 


(5): =5 


(iv) 


Q.4 


(i) 


(ii) 


(iii) 


2 
Solution: log, x = ao 


Write in exponential form 


(64)3 =x 
(4?) 3 =x 
43 =x 

4 = x 

] 

rr mae! 

re 

—=x Ans 
16 


Find the value of x in the 
following. 


log x = 2.4543 

Solution: log x = 2.4543 
log x = 2.4543 

x = antilog 2.4543 
Ch=2 

xX = 284.6 Ans 


log x = 0.1821 
Solution: log x = 0.1821 
log x = 0.1821 

x = antilog 0.1821 
Ch=0 

x =1.521 Ans 


log x = 0.0044 

Solution: log x = 0.0044 
log x = 0.0044 

x = antilog 0.0044 


(iv) 


Q.5 


(i) 


(ii) 


Ch=0 
x=1.010 Ans 


log x = 1.6238 

Solution: log x = 1.6238 
log x = 1.6238 

x= antilog 16333 

Ch=1I 

x = 0.4206 Ans 


If log2=0.3010, log3=0.4771, 
and log5=0.6990 then find the 
values of the following. 


log 45 

Solution: log 45 

= log (9x5) 

= log (3° x5) 

=log3° +log5 

= 2log3 +log15 

= 2(0.4771)+0.6990 


= 0.9542 + 0.6990 
= 1.6532 Ans 


Tse 
we 


Solution: tage 
15 


4 


= log 


a> 
= log 2* —log (3x5) 
= 4log 2—(log3 +log5) 
= log 2*—log3—log5 
= 4log2-log3-log5 
- 4(0.3010)—0.4771 — 0.6990 


=1.2040—0.4771-—0.6990 
= 0.0279 Ans 


(iii) log 0.048 
Solution: log 0.048 

Sea 48 

1000 

2ADR AKL 

og ————————— 

Z2xaxKexOxSxS 
263 
ieee 
= log 2’ +log3—log 2’ —log 5° 
= 4log 2+log3 —3log 2—3log5 
= 4(0.3010)+0.4771-3(0.3010)- 


= log 


= 1.2040 + 0.4771—0.9030— 2.0970 


=—1.3189 

= —-—1-0.3189 
=—]-—1+1-0.3189 
=—2+ 0.63811 


= 2.6811 Ans 


Q.6 Simplify the following. 


(i) 325.47 
Solution: </25.47 
Let x = #/25.74 


1 
= (25.47)3 
Taking log on both sides 
1 
log x = log (25.47): 


l 
=e 


: -( 4060) 


log x = 0.4687 

x = antilog 0.4687 
Ch=0 

x = 2.943 Ans 


(ii) 9342.2 
Solution: 342.2 


Let 


= ¥342.2 


3(0.6990) 


(iii) 


log x = 


] 
x = (242.)5 
Taking log on both sides 
1 
log x = (342.2)s 
log x = log 342.2 


= =(2.5343) 


log x = 0.5069 

log x = antilog 0.5069 
Ch=0 

x =3.213 Ans 


(8.97) x(3.95) 

(897) «(3.98)° 
537 

(8.97) x(3.95) 


Taking log on both sides 
ee 97) x(3.95)" 


V15.37 


Solution: 


Let x= 


=log(8.97)’ +log (3.95) ~log(15.37): 


=3log8.97+ 2log3.95——log 5.37 


= 3(0.9528) + 2(0.5966) -—(1.1867) 


= 2.8584 +1.1932-—0.3956 
log x = 3.656 
x = antilog 3.656 


Ch=3 


x — 4529 Ans 


Unit 3: Logarithms 


Scientific Notation: 


A number written in the form a@x10", where | < a < 10 and 77’ is an integer, is called the 
scientific notation. 


Logarithm of a Real Number: 
If a* = ythey xis called the logarithm of y to the base ‘a’ and is written as log, y=x 
, where a>0,a#land y>0 


Characteristic of logarithm of the Number: 
An integral part which is positive for a number greater than | and negative for a 
number less than 1, is called the characteristic of logarithm of the number. 


Mantissa of the logarithm of the Number: 
A decimal part which is always positive, is called the mantissa of the logarithm of the 
number. 


Antilogarithm: 
The number whose logarithm is given is called antilogarithm. 


(i) 


(ii) 


(iii) 


(iv) 


Q.2 


(i) 


(ii) 


(iii) 


(iv) 


Exercise 4.1 


Identify whether the following 
algebraic expressions are 
polynomials (Yes or No). 


a | 
3x° +——5 
aa 


LE. 
No (Because of — ) Ans. 
x 
3x° —4x? —xJ/x +3 
LU 
No (Because Vx or(x)?) Ans. 


x? ~3x+/2 
Yes (Because no variable has 
power in fraction). Ans 

3% 


2x-1 


+8 


i 
x-1 


No (Because of 5 ) Ans 


State whether each of _ the 
following expressions is a 
rational expression or not. 


3x 
3Vx +5 
Irrational Ans 
2x3 +3 

243x-x7 
Rational Ans 
x? +6x+9 

x79 

Rational Ans 


2Jx +3 
1.4 ¢ 3 


Irrational Ans 


Q.3. Reduce the following expression 


to the lowest form. 


8a(x +1) 
* $a(x+1) 


Ze) 


7 4a (xT) 
(8-1) (ety 


Solution: 


= ag Ans 
—| 
1) —4xy 
tif Pay) = 
(x-y) 
Solution: (esa) =p 


Pe (x-y) =x’ +y' —2Qxy 
_ x+y? + 2xy-4xy 

x’ +y° -2xy 
e x ep —2xy 


x +y —2xy 


(x ~y\(x? —2xy +y") 
(x—y)(x° +xy+y") 
(x° -¥°)(x _ 2xy+y") 
(x-y)(x° +xy+y’) 
(a +b’) =(a—b)(a° +ab+b’) 


(8-5) (¥ -29 +7’) 
=x°-2xy+y 

Ne (x-y) =x’-2xy+y 
=(x-—y) Ans 


(iv) 


Solution: 


(x+2)(x? -1) 
(x+1)(x° -4) 
(x+2)(x? -1) 
(x+1)(x° -4) 
(+207 -O" 
(x1) (x) 2) | 


(v) 


Solution: 


(vi) 


= (a—b) =a’ —2ab+b’ 
“a —b’ =(a+b)(a-b) 
_() -2()2)+0Y 
2(x°-4) 
_ (x-2) 
2| (x) -(2)' | 
(2) 
2(x+2)(x-2) 
(IeF 
2(x+2) (x~2Z) 


y—2 
A 
2(x+2) " 


64x° — 64x 
(8x° +8)(2x +2) 
64x" — 64x 
(8x° +8) (2x42) 
— 64x(x*~1) 
~ 8(x? +1).2(x+1) 
; 64] (x°) -(1) | 
~16(x° +1)(x+1) 
ee) 
© 6 (241)(x+1) 
7 4x(x—1) (x-+T) 
foal, 


= 4x(x— 1) Ans 


(vii) 


Solution: 


9x° —(x? -4) 
443x-x 


9x° —(x° - 4) 


4+3x-x° 


(viii) 


Solution: 


_ (2) -(0°=4) — 
I 


44+3x-x? 
(3x-+x° —4)(3x—x° +4) 4 
7 4+3x—x? 1 has 
(x° + 3x—4) (=x +3074) 4 
7 -x? F4 
=x’ +3x—4 Ans ar 
xy —-5zZ 
(b) sa for*=4Y=—2 and z=-l 
. xy -5z4 
Q.4 Evaluate Solution: —————— 
XZ 
(a) wyn2z 0 _ (4) (-2)' -5(-1)' 
a OIC 
ne ae, 16(-8)-5(1 
(11) x=-Ly=-9,z=4 16S) 50) 
_ 16(-8)-S(1) 
Solution for 1“ part 8 
When x =3, y=-l, z=-2 _ 128-5 
XZ =- . 
_(@) C1)-2(22) o 
3 =—16— Ans 
(3)(-2) 8 
_ 27(-1)+4 
a: 
_-27+4 
= Q.5 Perform the indicated operation 
= and simplify. 
—6 
Zo 15 4 
=— Ans i - 
6 @) 2x-3y 3y-2x 
: 15 4 
Solution for 2" Part. Solution: ee ae ee 
When x=-1, y=-9, 7=4 i? oy “4 . 
Bn ee ~2x-3y —2x+3y 
ae 1 4 
_ (I) (-9)-2(4) (-9)-2(4) 7 2x-3y -(2x-3y) 
(—1)(4) 15 2 4 
_-1(-9)-8  2x—3y 2x-3y 
—4 
= Ans 


7 2x—3y 


” 1+2x 1-2x 
(ii) = 
1-2x 14+2x 
Solution: ee - oe 
]1-2x 14+2x 


_ (1+2x) -(1- 2x)’ 
~ (1-2x)(1+2x) 


(I) +(2x) +2(2x)(I)-| (1)° +(2x)' -2(2x)(1) | 


(1) (2x) 
1+4x’ +4x—-[1+4x° — 4x | 
7 1— 4x 
14+ 4x? +4x-1-4x? + 4x 
7 1-4x° 
_ 4x+4x 
 1=4% 
8x 


= ~ Ans 
1-4x° 


Solution: =i 
x°-36 x+6 


_ (x) =) _x+5 
(xy -(6) x+6 

2 (x+5)(x-5) 7 x+5 
(x+6)(x-6) x+6 


7 (x+5)(x—5)—(x-6)(x+5) 


(x+6)(x-6) 
- (x+5)| (x-5)-(x-6)| 


vr =—6° 
(x+5)(x-5—x+6) 
x36 
_(«+5)() 
x? 36 


x+5 
= 7 Ans 


x° —36 


x-y x+y x-y 
_*(%4y)-¥e-y) By 
7 (x-y)(xt+y)  x’-y? 
+e - we ty ow 

(xy -OY -¥ 
3 ae ae 


x -y a -y 
x+y -2xy 
~ x? = 
(x-y) 
roy 
_(x-y)(-F) 
(x+y)(x-) 


= Ans 
x+y 


x-2 x+2 
xr +6x4+9 2x°—18 
x-2 x¥+2 
x 4+6x+9 2x18 
x-2 x+2 


(x) +2(3)(x)+3° 2(x*-9) 


. eZ x+2 


(83) 2i(x) GY | 
x-2 7 x+2 
(x+3) 2(x-3)(x+3) 
_ x-2 : x+2 
(x+3)(x+3) 2(x+3)(x-3) 
_ 2(x=3)(¥=2)-(x43)(x+2) 
2(x+3)(x+3)(x-3) 
2(x° -2x-3x+6)-(x? +2x+3x+6) 
2(x+3)(x+3)(x-3) 
2(x’ -5x+6)-(x’ +5x+6) 
2(x+3)(x+3)(x-3) 


(v) 


Solution: 


_ 2x’ -10x+12-—x’ -5x-6 
—— 2(x+3) (x-3) 

_ x -15x+6 

~ 2(x+3) (x-3) 


(vi) 9 ——-—_--* ~~ 


x-1 x4+l x7?41 x*-1 


Solution: a ae : 


_(x+1)-(x-1) 2 4 


7 (x-1)(x+1) x°+1 x*-1 
_A+i-f#41 2 4 


| 1 x1 
—2(x? +1)-2(x?-1) 4 
7 (x? -1)(x? +1) x*-1 
— WEED 242 4 
7 (x?) -(1)' x1 
4 4 


ee ae | 


Q.6 Perform the indicated operation 


and simplify. 
: 2 $x+2 
() — (x°-49), a 
Solution: (x? ~ 49) 2**? 
et 7 
2 27 5x+2 
= ~—(7) |. 
[ey -@) JS 
(5x +2) 


=(x+7)(x-7) (r+7) 
=(x-7)(5x+2) Ans 


4x-12  18-2x’ 

K-99 x +649 

4x-12 _ 18-2x° 
-9 x? +2(x)(3)+(3) 
_ A(x-3) | 29-x°) 
(x°)-GY (x43) 

ek, (x +3) 
aoe 

4 : (x +3) 

x+3 2(3+x)(3-x) 


“Ax (asp 


(ii) 


Solution: 


6.6 
(iii) dear dl +(x" +x" +y*) 
i" 


6 6 
. oe =) A ? 3 
Solution: —— +(x" +x y° +y*) 
c= 


| Ae] F y 


rm xtxy?+y') 


——— 
= 
> 
| 
=. 
bo 


x-y 
_ (e-¥) (°) +¢y'+(9) vee -y) 
ea 


x*-1 x45 


40x41 I=< 
; x*-1 x45 
Solution: —————. 
x +2x+11-x 
_ (x+1)(x-1) . x+5 
(x° +2(x)()+(1)") 1) 


(x+1) (xT) (x+5) 


es 


(x+1) -(x1 


(x+5) 
e+] 
(v) .y ete. se 
os xy—2y 


ty “xp x =x 
vas y(xty) xy—2y 


y) 
x(x4F) (x45) x(x-1) 


Solution: 


~y(F) ye) | y(x-2) 
ae 2) 

yp K(x- 

_ x(x- 2) an 

~ y(x- Ta 


Exercise 4.2 


Q.1 Solve 


(i) If a+b=10 and a—-b=6, then 
find the value of (@ +b’) 


Solution: 
2(a° +b?) = (a+b) + (a- b) 
2(a*+b°) =(10) io 
2(a’ +b?) =100+36 
2(a° +b’) =136 
a +b a 


(ii) If a+b=5,a—b=~17, then find 
the value of ah. 
Solution: 


4ab =(a+ by -(a- b) 


4ab = (5) -(Vi7) 
4ab = 25-17 
4ab=8 


aba 


& 


ab =2 
ab =2 Ans 


Q.2 If d+b +c’ =45anda+b+c=-l 
. then find the value of 
ab+be+ca. 


Solution: a’ +b° +c’ = 45 
a+b+c=-l 
ab+be+ca=? 

We know that 


(atht+c) =a’ +h’ +c? +2(ab+be+ca) 


(-1) = 45+ 2(ab+be+ca) 
1=45+2(ab+bc+ca) 
1-45 =2(ab+be+ca) 
—44=2(ab+bc+ca) 


AG 


—T =(ab+be+ca) 


(ab+be+ca)=-22 Ans 


Q.3 Ifm+nt+p=10 and 
mn+np+np=27, find the value of 
m+n +p 

Solution: m+n+ p=10 
min + np +np = 27, 


m+n +p =? 
We know that 
(m+n+p) =m + + p> +2mn+ 2np+2mp 
(10) =m? +n? +p? + 2(mn+np+mp) 
100.=m* n° +p° +2(27) 
100 =m +n° + p’ +54 
100-54=nr +n +p 
m+n +p =46Ans 


Q.4 Ifx+y+z2°=78 and 
xwy+jz+zx=59, find the value of 
X+V+Z. 

Solution: x* + y° +z° =78 
xy + yz+ 2x =59, 
x+y+z=? 

We know that 
(x+y+z) Hx’ +y'+2° +2xy+2yz+2zx 


(xt+y+z) = 78+2(xy+yz+zx) 
(xt+y+z) = 78+2(59) 
(x+y+z) =78+118 

( 


x+y+t z) = = 196 
Taking square root at both sides 


(rty+z) =+V196 


ae 
x+y+z=+14 Ans 


Q.5 If xt+y+z=12 and x°+y’ =64, 
find the value of xy + yz+ 2x. 
Solution: ++ y+z=12 
x+y? =64 
xy+yz+2x=? 
We know that 
(xt ytz) =x’ +y? +2? +2xy+2yz+2ex 


(x+y+z) =x +y' 47° +2(xy+yz+zx) 


(12) =644+2(xy+yz+ 2x) 
144-64 =2(xy+yz+ zx) 
80 = 2(xy+ yz + 2x) 


40 


Z = (xy + yz + 2x) 


40=xy+yz+zx 
xy + yz+zx =40/ Ans 


Q.6 If x+y=7 and xy=12, then 
find the value of x’ +)” 
Solution: x+y=7 
xy =12 
a +y° =? 
We know that 
(v+y) = +p 43xy(e4y) 
(7) = + y° +3(12)(7) 
343 =x +y° +252 
343-252 =x + y? 
91=x° +y 
x+y? =91 Ans 


Q.7 If 3x+4y=11 and xy=12, then 
find the value of 27x° +64)”. 
Solution: 3x+4y=11 
sys 12 
27x° +64y°=? 


(x+y) =x°+y' +3xy(x+y) 
(3x+4y)) =(3x)’ +(4y), +3(3x)(4y)(3x+4y) 
(3x+4y) =27x° + 64° +36xy(3x+4y) 

(11) =27x° + 64y? +36(12)(11) 

1331= 27x? +64y? +4752 

1331-4752 = 27x + 64y° 

~3421=27x° +64y° 

27x +64y’ = -3421 Ans 


Q.8 If x-y=4 and xy=21, then 
find the value of x° — y° 
Solution: x— y=4 
xy =2] 
ae -y =? 
We know that 
(vy) =x" -30(0-9) 
(4)' = -y*-3(21)(4) 
64 x7} pi O252 
644+252=x°-y° 
316=x°-y 
x’ —y’ =316 Ans 


Q.9 If 5x-6y=13 and xy=6, then 

find the value of b125x° —216y" 
Solution: 5x—6y=13 

xy =6 

125x° -216y°=? 

We know that 

(x-y) =x°-y’ -3xy(x-y) 
(5x—6y)’ =(5x) —(6)’ -3(5x)(6y)(5x—6y) 
(5x-6y) =125x? -216y* —90xy(5x-6y) 


(13) =125x' -216y* —90(6)(13) 
2197 =125x* 216 y* — 7020 
2197 + 7020 = 125x* — 216" 


9217 =125x" —216y" 
125x* —216y° = 9217 Ans 


1 
Q.10 If x+—=3 then find the value of 


A 


1 
x +— 


x 


] 
Solution: x+—=3 
x 


x” +—=? 
| 


x 
We know that 


| 
Q.11 If x—-—=7, then find the value 
x 
» I 
of x -— 
- 
: | 
Solution: x-—=7 
x 
Lae 
x 
We know that 


3 
(trated 
x x x 


343=x° -+ 21 
2 


343 4+21=2° 
X 
, 4 
20427 ary 
Xx 


x = = 364 Ans 
a 


Q.12 M3 ra = 5, then find the value 
x 


of | 27x° + _ 
21x 


Solution: sy + + =o 
3x 


[a7 |e 
27x" 


We know that 


rs aos Gale 
1 1 
72 +3 [sx + =| 


125=27x3 + ~~ 43(5) 
21x 


5) =27x3 
(5) ge 


+15 


125=27x° + - 
21 


125-15 =27x'* + : 
27x 


110 =27x° + — 
21x 


=110 Ans 


= 
a 


27x’ + 
27x 


Q.13 If [sx-2 6 then find the 
x 


value of [1250 sine : 
125x° 


Solution: [sx _ z| =i 
5x 


[1250 |=? 
ion 


we know that 


(s:-4) =(5x) (2) -3(5*) (Zs) 


(6) =125x° -—_-3(6) 


125x° 
216 =125x° — ; =—18 
125% 
216418 =125x° —_—— 
5x 
234 =125x° — : 
1235x% 
| _=234Ans 
x 
Q.14 Factorize 
(i) x -y-xt+y 
Solution: x —y°-—x+y 
= (x) (v) 1(x-y) 


(x—y)(x° +xy+y")-1(x-y) 
(x-y) Ca +xyt+y" —1) Ans 


(iy 9 3° -—L 
27y° 


Solution: 8x° —- 
27y 


Q.15 Find _ the 
formula. 


products, using 


(i) (x° +y?)(x* -x’y? +y*) 

Solution: (x° + y?)(x" —x7y? + y') 

=(?+¥) (KS -()(r")+() | 
ey] 


=x°+y° Ans 


(eye ey") 
Solution: (x? —y* )(x° txey +y) 


(e-»"leY +)O)HO"Y 
_ (xe) = (y° y 


=x°—y" Ans 


(iii) (x—y)(xty)(¥ +y°)( Hay+y’) 
(x° tayty’\(x*-x?y? + y4) 
Solution: 
(x—y)(x+y)(x° +9’ )(x? +2y+y") 
(x? ++ 9°)(x*- xy? + y*) 
“Lt oe roy )[eni(e ory) 
(x? +7)(x*-¥ ty’) | 
(x?-y (x° +y Le) +0") | 
(“)- rv x*+y°)| 
(x —y*)(x° +y°) | 
(x‘)'- ne 


= x'—y' Ans 


[ 
i 
[ 
| 


(iv) (2x? =1) (2x? +1)(4¢" +27 +1)( 4x" 29° 41) 

Solution: 

(2x? -1)(2x° +1)(4x* +2x? +1)(4x* -2x° +1) 

=|(2° —1)(4x" +2 +1) | (2? +1)(4x" —2x" +1)| 
_ | (2x*) -()' ] @ i +(1) | 
=(8x° -1)(8x° +1) 


(8x°), ~(ly 


64x'* —1 Ans 


Exercise 4.3 


Q.1 Express each of the following 
surd in the simplest form: 


(i) 180 
Solution: 180 
1 


( 
=(2k2%3%K3%5)2 


= 6/5 Ans 


(ii) 3162 
Solution: 3/162 


3(V81x2) 
=3(V9 x2} 


(iii) a 28 


Solution: al 28 


=? deg fh 
4 


= 33/2 


= 33/9 Ans 


(iv) 96x" y"2* 
Solution: ‘96x y72* 


= J32x3xx°yrz° xx yz? 


= “2° x3xx yz? x xy*z? 
S99 aed gue? ra 
= </2 eye x Bxy 4 


= 123 x ie x fy? x Ve5 x §Bxy?2? 


= 2xyz4 


3xy°z° Ans 


Q.2 Simplify 


ery 
0 FR 


Solution: 


. er 
t 
oy 
— 
t 


J21V9 4 


ii =e 
(ii) Te3 rs 
J21/9 = 4 Ans 
Solution: 
63 
9x7 
a ‘ (v) J21x J7 x 3 
“TF Solution: J21x a7 en 
ai. : = V73 «V7 x3 
— = VTK3KTS 
3v7 = of TxTX3K3 
_ B21 Ey fa 
a = 7° x3 
BN7 =7%3 
_V21 =21 Ans 
dT 
_ V7x3 
V7 
- il x3 Q.3. Simplify by combining similar 
terms. 
= /3 Ans 


(i) | “/45S3-/20 44/5 
Solution: J45 — 3/20 +45 
~ f9x5—-35x444S5 


(ii) = 23 PS | | 

= 3? x f5 —3V2? x5 4.45 
Solution: = {/243x5 yz V3? x J5 -3V2? x5 +45 
- -_ = 3/5 -3x2V5 +475 


=P OYE) oe 
: = /5(3-6+4) 

= 93° x/x* x f(y?) x (2°) - /5(3-2) 

=3xxxy xz - /5(1) 

=3xy°z° Ans : a 

= ns 

. 4, 
i (ii) = 412 +.5V27 -3V75 + ¥300 


Ssinione 25 Solution: 412 +527 —3V75 + /300 
ora ae = 44x3 +5V9x3 —3J25x3 +1003 


4. 
— = 3/5x5%5 
ae = 4x 23 +5x3V3 —3x 5V3+10V3 
_ 4 fg = 8/3 +153 -15V3 +10V3 
5 = 8/3 +153 -15V3 +10V3 


= V3(8+ 15-6 +10) 
= ¥3(8+10) 
= /3(18) 


18/3 Ans 


(iii) V3(2V3 +33) 
Solution: V3(2V3 +3V3) 
= J3 x 3(2+3) 


(iv) 2(6V5 —3V5) 
Solution: 2(6V5 -3y'5) 
= 2x5 (6-3) 
=2x/5(3) 
= 6/5 Ans 


Q.4 Simplify 


(i) (3+3)(3-V3) 
Solution: (3+ 3)(3-3) 
=) (8) 


(ii) (V5 +V3) 

Solution: (v5+v3) 
=(v5) +2(v5)(v3)+(v3) 
=5+2J5x3+3 


~8+2/15 Ans 


(iii) (V5 +V3)(V5-V3) 
Solution: (V5 + V3)(V5 ~ V3) 


©) (Vervy)(ve vo) +9") 


Solution: 


(vx +y)(Vvx = Vy )r+y)(x? +y°) 


-|(ve x) -( Wr) |e a)(8 +3") 

=(x- y)(x+y)(x° +y°) 
(x) -OY |(?+y’) 
(2 -y)(v+9") 


Exercise 4.4 


Q.1  Rationalize the denominator of 


the following 


(i) res 


3 
Solution: —— 
3 


14 
(he 


Solution: —— 
Te 


(ili) 


_14( 85) 
(v8) 
14(V7x7%2) 
-—_—+ 
_14x7xJ2 
«98 


Solution: 
(827 


6x3x2(V2x3) 
7 216 


36.8 


1 2 
(iv) 342N5 (vi) J5—d5 
ine olution: = 
Solution: ENG Solut EB 
1 2 
— 1 3-25 2 AS xB 
"34245 3-25 Ns—3 5443 
__3-2N5__ __ (v5 +v5) 
ae] (4) -(8) 
3-25 
9-45 _2(v5+V3) 
3-2/5 a9 
~ 9-20 2(V5 +3) 
3-2V5 Ans : 2 
eT - /5+ 3 Ans 
15 
“fia (vit) eo 
cs 08 
ee i31=4 Solution: a 
15 * 
"aoa _v3-1 
__ 15 yBI+4 V3 +1 
31-4 3144 eee 
15(/51-+4) 324 31 
5 at V¥3-1)(V3-1 
Te 45 
_15(v31+4) 
31-16 _(3-1) 
5 (v31+4) 3-1 
Ow _(¥3) -2(v3)@)+0) 
- /31+4 Ans a 2 
_3-2v3 +1 
= 
_ 4-23 
= 


(viii) 


Solution: 


Q.2 


(i) 


(ii) 


(iii) 


5— 
— 5 4+2V1543 


2 
_ 84215 


2 


x(0-W5) 


zZ 


—4+,/15 Ans 


find the conjugate of x + Jy 


347 

Solution 
Conjugate 3— 7 
4—/5 

Solution 
Conjugate 4+ V5 
2+ J3 

Solution 
Conjugate 2— V3 


(iv) 


(v) 


(vi) 


(vii) 


(viii) 


Q.3 
(i) 


Solution: Given that x =2- 3 


(ii) 


Solution: Given that x = 4— V17 


2+4/5 

Solution 
Conjugate 2- V5 
5+V7 

Solution 
Conjugate 5— V7 
4-J15 

Solution 
Conjugate 4+J15 
7-6 

Solution 
Conjugate 7+/6 
9+/2 

Solution 
Conjugate 9— J2 


If x=2-3, find A 
wv 


] 2+N3 


Jot Dawid. 
D4+~/3 
(2 -() 
_ 243 
4-3 
_ 243 
] 
A 95.49 Ans 
x 


if'¢=4—<J17. fia 
x 


] Aaa lt? 


x 


Aafl7 Gdeod TT 


(iii) 


_ 4+J17 
(4) -(vi7) 
_ sob sT 
16-17 
_44+17 
—] 


-1(4+i7) 
=—4—,/17 Ans 


| 
* 


1 
If x= J3 +2, find x+— 
XxX 


Solution: Given that x = ni} +2 


— 
lI 
— 


x+—=(J5+2)+(-V3 +2) 


= /3 +2-34+2 


Q.4 Simplify 


sn 
& 


aye, 5 
5443 /5— ~% "5-3  V5+43 


(V5) -(v3) (v5) -(v3) 
(5-8) 55) 
50) (608 


BA AO Ro SA 


PLES 


y4 
= /5-J/6 Ans 


TB E-G 2 
l 


Solution: 


an ax(/54 3) Q.5 If x= 243, then find the value 
E a ara of ana (x3) 
/ 2-5 | 
(5) (i 
(2) (V5) (5 5) Solution: Given that x =2+ 3 
2 V3) { 2(v5+v3 2/5 i. 4 
(e=#), 523 } = x 243 
_ 1 _2-¥3 
2-3) 2(V5 +3) {(2-x5 243 2-3 
“4 a =] _ een id 
a nlS tel § als Dies (2) -(W3) 
Pada 5f5 5 HAS _ 2-3 
= 5 +5 4-3 
—2,/5 Ans _2-v3 
1 
=2-3 
To find the value of x - 
- 2 | 3 
(iii) Tet LA SU: el, wu (2543) (2-v3) 
ne: ere ee: Pee He 
Solution: 543 Bald aaa a V3 
2 1 3 ea el 
V5av3 3402 W542 au 
2 ER) ] FF] To find the value of [x . 
v5+v3 v5-v3 V3 +v2 v3-v2 We know that ° 
3 5-2 1 
{ee a 
aking square on both sides 
{6548)) (ae) (20548 ly a 
aya aren) ertey) | Oa) “4 
2(v5—v3) ey) (3(v5-v2) ts) 
_ 1 7 - 
Bod 3-2 5-2 = 4(3) 
=12 Ans 
e) oe) 
7 2 1 |. 3 


¥5-V2 


(ii) =If x= find the value of 
V5+y2 


1 , 1 3, | 
X+—, X +— and xX +— 
b x” x 


V5- 2 


Solution: Given that x = 
f5 +512 


es 
2 
= > 
<i 


(5) +65) 
(3) 
_5+2- nine ya) 


x 9 
178 


l 
x 9 
] 
To find x° +— 
x 


114 


Taking cube on both sides 


8) 


283-8)" +3) +2133 


Q.6 


xd at | 2744 
x +—+3) x+—|=— 


x x 27 
erty (4) 24 
x B) 27 
anes Vea 
i 24 
oe a 
27 
3 | 2744-378 
= 
x 27 
1 2366 
x 


Determine the rational numbers 


a and b if 

v3-1 V3+1_ 04g 
J34+1 3-1 
Solution: Given that 

v3 5 Bal a+ b/3 
Bal 3-1 

pape he V3 +1 

WH nt 


3 


Rie 
a) 


(V3 +1)(V3-1) 
) +00) ~ 26 +(v5) +¢ 


(v3) -(@ 


+(1) +996. 


a+bV3=4 
a+b J/3 =4+0v3 


Comparing both sides 


a= bv3 = 0V3 


Review Exercise 4 


Q.1 Multiple type questions? 


(i) is an algebraic ... 
(a) Expression (b) Sentence 
(c) Equation (d) In-equation 


(ii) The degree of polynomial 4x‘ +3x’y is 


(a) | (b) 2 
(c) 3 (d) 4 
(iii) a> +h° is equal to 
(a) (a-b)(a +ab+b’) (b) (a+b)(a —ab +b’) 
(c) (a-b)(a@ —ab+b* ) (d) (a-b)\(a +ab+b*) 


(iv) (3 + v2)(3 - V2) is equal to 


(a) 7 (b),-7 
(c) -1 (d) | 
(v) Conjugate of surd a+ Vb is; 
(a) -a+Vb (b) GB 
(c) Va+vb (d) Ja-Vb 
(vi) ee. is equal to 
a-b a+b . 
2a 2b 
@) eo-P (D) a= 
©) =— (4) — 
a —b a—-b 
(vii) im] is equal to 
(a) (a—b) (b) (a+b) 
(c) a+b (d) a—b 
(viii) (Va z. vb)(Va- vb) is equal to 
(a) a? +b? (b) a? -—b° 


(c) a—b (d) a+b 


(v) 
(vi) 


(vil) 


ANSW 


(i) 
(i) 
(iil) 
(iv) 
(v) 
(vi) 


(vii) 


(i) 


Solution: Given that y  ——>3 


ANSWER KEY 


hill in the blanks 


The degree of polynomial yy 3xy vis 


\ 4 
| | 
\ \ ( ) 
y \ 
2(a° +b? )=(a+b) +{ 
y—— 
x 


a V2 
ER KEY 
af 
(x—2)(x+2) 
| 
\ }+—4 
‘ 
a-—d 
x ae 2 
x 
5 
‘ 
x Vy 
(3) 
If x+——3., find 
¥ ; 
Q 
| 
\ — Q 
x 


J(at+b) =a +b +2ab 


Putting the values 


LY ow | 
(x) +] =| +2(x) — 
AV x 


ae | Soluti il 
(ii) x! +S olution (ii) 


. a 
Given that x. +—-=6 
2 x" 
Solution: Given that x° +—~=7 
A [v+t}-x++a(7") — 
ae ee {1 re x xe 
x +— =(x°) + - +2(x?) - 
x x ae ee | 
: 1 (6) =x + — +2 
(7) =x'+—+2 
x 
| x* +— =36-2 
49 =x'+—+2 ¥ 
\ 7 x +— =34 Ans 
x'+—=49-2 * 
x 
re | 
x" +— = 47 Ans 
= 
Q.5 Find the value of x° + y° and xy 
if x+y=Sandx-y=3. 
Solution: Given that x+y =5 
Q.4 If x-~=2 find ie 
x As we know that 
Pe | 1 . 2 2 
ax+— ie “(xtyy -(e-y) = 4xy 
” 7 Putting the values 
ny =(5)0) 
4xy = 25-9 
Solution (i) 4xyv =16 
l 
Given that x——=2 : 
© ty =— 
. b 2 = xe bh? th A 
“ (a+b) =a°+b’+2a xy=4 Ans 


Putting the values As we know that 


(x+y) =x? ty? +3xy(x+y) 


c -1) =(s) (4) -2(x) [=| Putting the values 


(5) =x+y.3x4x5 


2 > ] 
(2) =x +-5-2 125=x° + +60 
ies 1 x+y =125-60 
+Z=X + 5 x+y =65 


1 ee eee 
=e ans x+y =65 Ans 


Q.6 If P=2+ 3 , find 


(i) P+— 


“le 


Solution: Given that P = 2+ DB 


oa) Coad 
N 
oe 
i) 
1 


_—-_ 
7 
—, 
t 
oo 
a 
a 
~~ 


aS 
| 
eS) 


Joys tele 
° 
Hey 


& 


(ii) 


| 
a) oe 


As we know that 


1 
29 4/7-and 
V3 an 


P=24+3 
p-==2+3-(2-¥3) 
=2+V3-Z2+N3 


= a8 Ans 


a | 

et pry! 
(ili) Pp 
Solution: Given that P? Ws ad 


i (a+b) =a +h° +2ab 


(r++) =(P) (4) ar) 


ES 
BP 


| 


(4) =P? +— +2 
ae | 
16-2=P° +— 
P° 
P +— =14Ans 
ef ] 
iv P° -— 
(iv) rs 
Solution: 


Q.7.. If. g=V5 +2 find. 


() gt 
q 


Solution: Given that g = V5+2 


1 1 5-2 


a — el 


q —549. 5 


=/5-2 
qt—=V5+2+ 5-2 


q+—=2V5 Ans 
q 


se I 
(li) = g-— 
q 
Solution: Given that g = W542 
1_ _2 
q 
i v5 +2-(/5 -2) 


q 


a on ey. 


l 
q-—=4 Ans 
| 


2, | 
(iii) Go +> 
q 
| 
Solution: Given that g-—=4 
q 


Squaring both sides 


i 


pi acit Ans 
r 


; 2 | 
(iv) Y-> 
q 


1 
Solution: Given that g+—= aus 
q 


q-—=4 
q 
By using formula 


(i) 


— 
Q 
+ 
WN 
~~” 
| 
— 
g 
bo 
| 
Nw 
—— 
i] 


(var +2) +{ a2) +2( va +2)( @ 2) 


a@+2-a +2 


(La —142{ al 20° + 24-4) 


os 


FormulasfOvervie 


Algebraic expression: 


An algebraic expression is that in which constants or variables or both are combined 
by basic operations. 


Polynomial: 
Polynomial means an expression with many terms. 


Degree of Polynomial: 
Degree of Polynomial means highest power of variable. 


Rational expression: 
p(x) 
q(x) 


Expression.in-the form (g(x) # O)is called rational expression. 


Surd: 


An irrational radical with rational radicand is called a surd. 


[> 
€.g., 3, le 


Monomial Surd: 


A surd which contains a single term is called monomial surd. 


Binomial Surd: 


A surd which contains sum or difference of two surds is called binomial surd. 


Exercise 5.1 


Q.1 Factorize 


(i) 2abe — 4abx + 2abd 
Solution: 2ahc — 4abx + 2abd 
= 2ab(c-2x+d) 


(ii) = 9xy—-12x°y+18y 
Solution: 9xy —12x°y+18y" 
= 3y(3x —4x" + 6y) 


(iii)  -3x° y—3x+9xy" 

Solution: —3x° y—3x+9xy 

= —3x(xy +1- 3y°) 

(iv)  Sab’c’? —10a*h’c — 20a? be? 
Solution: Sab°c’ —10a°h’c — 20a°he? 
= Sabe (be? —~2ab’ - dae) 


(v)  3x°y(x-3y)-7x°y? (x-3y) 
Solution: 3x°y(x—3y)—7xy° (x-3y) 
- (x- 3y)(3x°y = 7x°y") 

=(x-3y) x’ y(3x-7y) 

=x’ y(x-3y)(3x-7y) 


(vi)  2xy (x° + 5) +8xy" (x° + 5) 
Solution: 2xy" (x? + 5) +8xy" (x° + 5) 
= (x° + 5)(2xy" + 8xy" ) 

= (x° + 5)2xy" (+4) 

= 2xy" (x° + 5)(y +4) 


Q.2_‘Factorize 


(i) Sax —3ay —5bx + 3by 
Solution: 5ax —3ay —5bhx + 3by 
= Sax — 5bx — 3ay + 3by 

= 5x(a-b)-3y(a-b) 


=(a-b)(5x-3y) 


(ii) 3xy+2y—-12x-8 

Solution: 3xy +2y—12x-—8 
=3xy—-12x+2y-8 
=3x(y—4)+2(y-4) 
=(y- 4)(3x +2) 


(iii)  x° +3xy’ -2x°y-6y" 
Solution: x° +3xy° —2x’y—6y’ 
By cyclic order 

=x - hs +3xy°-6y° 

=x" (x-2y)+3y’ (x-2y) 


=(x— 2y)( x? + 3y°) 
(iv) (x° -y’)z +(¥" - zx 


Solution: (x° -y*)z +(y° - z’)x 
= x°z—yz+xy? —xz" 
Arrange in cyclic order 
x°z+ xy? —xz" Ae 
=x’z+xy’-yz 
mxiety)- ee" 
=(xz + y’)(x-z) 


Q.3-Factorize 


(i) 144a° +24a+1 
Solution: 144a° + 24a +1 
By using formula 


(a+b) =a’ +2ab+b° 


=(12a)° +2(12a)(1) +(1) 


=(12a+1) 


a b? 
—-2+— 
bh a 
a hb? 
Solution: —— 2 2+ = 
a a 


(ii) 


Formula a° —2ab+bh° = (a - by 


3-90) 


(iii) = (x+y) -142(x+y)+492" 
Solution: (x+y) —142(x+y)+4927 


Formula a’ —2ab+b* =(a- by 


= (x+y) —2(x+y)(7z)+(7z) 
| (x+y- 72) 


(iv)  12x* —36x+27 
Solution: 12x’ —36x + 27 
=3(4x° 12x +9) 


Formula a° —2ab+b° =(a—b) 
=3] (2x)' -2(2x)(3)+(3)' | 


= 3(2x-3) 


Q.4 ~~‘ Factorize 


(i) 3x° -75y" 

Solution: 3x° —75y" 

= 3(x° -25y") 

Formula a’ —h* = (a+h)(a—b) 
=3|(x)°-(5y) | 


= 3(x+5y)(x-Sy) 


(ii) = x(x-1)-y(y-]) 
Solution: x(x—1)—y(y-1) 
=xX°-x-y'+y 

Arranging in cyclic order 


=x -y —X+y 
Taking common 


= [< -y*)-(x-y) 
=[(x+y)(x-y)]-(«-y) 
=(x-y)(x+y-]) 

(iii) = 128am° -242an° 
Solution: 128am’ — 242an’ 
= 2a(64m° = 121°) 

7 2a\ (8m) —(1 In) 


= 2a(8m +11n)(8m—11n) 


(iv)  3x-243x° 
Solution: 3x —243x° 
=3x(1-81x") 


= 3x| (1) -(9x)" | 


3x(1+-9x)(1-9x) 


Q.5 Factorize 


(i) x’ -y’-6y-9 
Solution: x° — y’ —6y—9 
=x’ -[y’ +6y+9| 

=x? -[(v) +2(y)(3)+3)7] 
— x7 (y+3/ 

= (x) -(y +3) 
=(x+y+3)[x-(y+3)| 
=(x+y+3)(x-y-3) 


(ii) x? -a’+2a-1 
Solution: x° —a° +2a-1 
=e -[a@ —2a+ 1 

=x’ —-(a-1) 
=[x+(a-1)][x-(a-D] 


=(x+a-1)(x-a+]) 


(iii) 9 4x°-y?-2y-1 
Solution: 4x° —y° —2y-1 

= 4x’ -(y? +2y4) 

4x -[(9)' +20) (0) ] 
= 4x? -(y+1) 

= (2x)° -(y +1)’ 
=[2x+(y+1) |[ 2x-(y+1)| 


= (2x+y+1)(2x-y-1) 


(iv) x -y’-4x-2y43 
Solution: x° — y’ —4x-2y+3 
=x?-4x+4-y’?-2y-] 
=(x°-4x+4)-(9°+2y41) 


FO) -2(0)(2)+(2) | 


x) 
Foy 20,040)" 
x-2) -(y+l) 
=(x-2+y+l) GEA el) 
=(x-2+y+1)(x-2-y-1) 
=(x+y—2+1)(x-y-2-1) 
=(x+ y-1)(x-y-3) 


(v) 25x? -10x+1-3627 
Solution: 25x° —10x+1-—36z° 
= (5x)’ — 2(5x)(1) + (1)? ]-362° 
= (Sx=1)’ =(62)’ 

=| (Sx-1)+6Z ][ (Sx-1)-62 | 


= (5x—1+6z)(5x—1-62) 


(vi) = x? -y? -4xz +42" 
Solution: x° — y° —4xz+4z° 


=x*—4xz+427-y 
=| (x) - 2(%)(22)+ (22) ]-¥" 


= (x-22)7 Hy) 
=(x—-2z+ y)(x-2z-y) 


=(+y-22)(¥-y—22) 


Exercise 5.2 


Q.1 —_‘Factorize 
* 4 l 2 
(i) Xo z7?7 
x 


. | 
Solution: x° + —-3 
x 


= (x) (4) -3 


By adding and subtracting by 2 
=(¢y (5) +2-2-3 
2 


=| (ey (3) -2}s 233 
x 


(ii) = 3x° +12" 

Solution: 3x* +12y" 

3 ( x*+4y" ) 

By adding and subtracting by 2(x° )(2y") 


s{(e) ba Jer) 2)Ve)| 


=3|(°) ¥)(29")2(")(2y') 
=3|(x +2y? ) -4x2y? | 

=3) (#° +2) +2 ane | 

=3| (x? +2y + 2xy)/( x +2y ° — 2xy) | 

=3| (x? +2xy +2y") (2° =—2xV +2) a) 


(iii) a +3a°b° +46" 

Solution: a’ +3a°b° +. 4h" 

= (a’ +h*) + 3a°b? 

= (a P+ (2b?) + 30°b? 

By adding and subtracting by 2(a°)(26°) 


= (ey +(26°) - 2(a°)(2b")—2(a’)(26°) +3a°6* 
-|(@y +(25) +2(«7) (2) |-2(e?)(26°) 43a hb 


= (a? + 26? )? -a°b? 
=(a’ + 2b’ Y -(aby 
=(a° + 2b’ + ab)(a + 2b° - ab) 


(iv)  4x*+81 
Solution: 4x'+81 


=(2x7) +(9) 

By adding and subtracting by 2(2x?)(9) 

7 (2x) +(9) +2(2x?)(9)-2(2x ‘)(9) 
- (ary +(97 +2(2x*)(9)| -2(2x*)(9) 


(2x? 4 9) —36x° 

= (2x? + 9) —(6x) 
(2x* +9 +6x)(2x* + 9- 6x) 
=(2x° +6x+9)(2x?-6x +9) 


(vy) x? 4+x7425 
Solution: x° +x° +25 
= (x*+25) 4x7 


= (G y + (sy | +x? 


By adding and subtracting by 2(x°)(5) 


-|(“) +(5) +2(x")(5)-2(x*)(5) +" 
=|(x )" +(5)° +.2(x #)(5)|- 2(x°)(5) +x" 


= (x? +5) —10r 42° 
= (x* +5)? —9x° 


= (x* +5)’ -(3xy 
=(¥ +5+3x)(x° +5-3x) 


= (x? +3x+5)(x? —3x+5) 


(vi) x'+4x° +16 

Solution: x* +4x° +16 

= (x?) +16+4x’ 

= (x*)? +(4)? + 4x? 

By adding and subtracting by 2(x°)(4) 


=(x°) +(4) +2(x°)(4)-2(x?)(4) + 40° 
= (x7)? +(4)° + 2(x7 (4) — 2(x7 (4) + 4x? 

= (x? +4) —8x" +4x° 

= ie +4)? — 4x’ 

=(x* +4)’ —(2x)’ 

= (x? +4+2x)(x? +4-2x) 

=(x° +2x+4)(x° -2x+4) 


Q.2._—~Factorize 


(i) x" +14x+48 
Solution: x° +14x +48 
= x° +8x+6x+48 

= x(x +8)+6(x +8) 

= (x+8\x+6) 


(ii) x’ —21x+108 
Solution: x —21x+108 
= 9° =x =9x4+108 

= x(x-12)-9(x-12) 

= (x-—9\(x-12) 


(iii) =x —1lx—42 
Solution: x° —11x—42 
= x? -14x+3x-42 

= x(x—14)4+3(x-14) 
=(x+3)(x-14) 


(iv) x°+x-132 
Solution: x° +x—132 
= x? +12x-1lx-132 


= x(x +12)—-11(¥ +12) 
= (x -11)(x4+12) 


Q.3 Factorize 


(i) 40° 12x45 
Solution: 4x° +12x*+5 
= 4x7 +2x+10x+5 

= 2x(2x +1) +5(2x +1) 
= (2x +5)(2x+1) 


(ii)  30x°+7x-15 
Solution: 30x° +7x-15 
= 30x? + 25x-18x-15 
= 5x(6x + 5)-—3(6x+5) 
=(5x-—3)(6x+5) 


(iii)  24x° -65x+21 
Solution: 24x° —65x +21 
=24x° —56x-9x+ 21 

= 8x(3x -—7)-3(3x-7) 
=(8xL3)(3x0L7) 


(iv) 5x*-16x-21 
Solution: 5x° — 16x —21 
= 5x* + 5x-21x-21 
=5x (x+1)-—21(x+1) 
=(5x-21)(x+1) 


(v) Ax’ -17xy+4y’ 
Solution: 4x° —17xy+4y" 
= 4x’ -l6xy—xyt+4y’ 

= 4x(x—4y)— y(x—4y) 

= (4x— y)(x-4y) 


(vi)  3x° —38xy—-13y" 
Solution: 3x° —38xy—-13y" 
= 3x? —39xy+ xy-13y’ 
=3x(x-13y)+ y(x-13 y) 
= (3x+ y(x-13y) 


(vii) = 5x°+33xy-14y” 
Solution: 5x° + 33xy—14y° 


= 5x° +35xy—2xy-14y" (ii) (x? —4x)(x* —4x-1)-20 


=S5x(x+7y)—-2y(x+7y) Solution: (x° —4x)(x° —4x—1)—20 
= (Sx-2y)(x+7y) Suppose that 
x’ -4y=y 
ity (sx—2) +4{sx—1)44xe0 So, 
(viii) 7 + — +4,X# = (y)(y—1)-—20 
Solution: | 5x—— | +4| 5x-— |+4,x40 4 a 
wdan (Sx—) +4 Ss—-] -y-y-m 
i 3 i =y —Sy+4y—-20 
-[5x-2) 251-4] @+0y = Wy—5)+4(y—5) 
oo 4 =(y+4)(y-5) 
(5x42) Weknow that a = x° —4x 
x = (x* —4x+4)(x° —4x—-5) 
| l 2 2 2 
- (5x-2+2}[5x-1+2) =| (x) —2(x)(2)+(2) |x -5x+x-5| 


7 (x-2)° [ x(x-S)+1(x-5) | 
= (x-2)'(x-5)(x+1) 
Q.4 =(x—5)(x+ 1)(x-2)° 


(i) (+ Sx +4)" + 5x + 6)—3 (iii) (x + 2x +3)(x +4) 4 5)—15 


Solution: (x° + 5x+4)(x° +5x+6)-3 Solution: (x +2)(x +3)(x+4)(x+5)—15 
Suppose that ~[(x42)(x +5) +3)@0*4)]- 15 

x +5x=y = [x(x +5)+2(x+5)] [x(x + 4) +3(x+4)]-15 
So, 


=[x? + 5x+2x+10][x? + 4x+3x4+12]-15 


? + 5x+4)(x" +5x+6)-3 2 2 
(x + 5x + 4)(x" + 5x46) = (x? + 7x+10)(x? +7x+12)—15 


= (y+ 4) (y+ 6)—3 


=ly+6)+4(y+6)-3 ewan 
=(y +6y+4y+ 24)-3 So, 
=(y°+10y+24)—3 (x? +7x410)(x? +7x4+12)—15 
=y’+10y+24-3 =(y +10) +12)—15 
=y’ +10y+21 =[y(y +12) +10(y +12)]-15 
=y'+7yt+3y+21 =(y? +12y+10y+120)-15 
= (y+ 7)+3(y+7) =(y’ +22y+120)-15 
=(y+3)(y+7) = y? +22y+120-15 
Weknow that y = x° +5x = y? +22y+105 
= (x° + 5x +3)(x° +5x+7) = y? +15y+7y+105 

= y(v + 15)+ 709 +15) 

= yy +15) + 7(y +15) 


=(y+7)(y +15) 
Weknow that y = x° + 7x 
= (x? +.7x+7)(x° +7x+15) 


(iv) (x+4)(x—5)(x+6)(x-—7)-—504 


Solution: (x + 4)(x —5)(x +6)(x—7)—504 
=[(x + 4)(x—5)][(x + 6)(x — 7)]-504 

= [x(x -5) + 4(x—5)][x(x —7) + 6(x- 7)]-—504 
= (x* —5x+4x-—20)(x" —7x + 6x — 42) —504 
= (x? —x—20)(x° —x—42)-—504 

Suppose that 

x’-x= y 

So, 

= (y—20)(y—42)—504 

=[y(y— 42) — 20(y— 42)]—504 
=(y’—42y—20y + 840) — 504 

= y’ —62y+ 840-504 

= y’ -62y +336 

= y —56y—6y+ 336 

= Wy—56)—6(y—56) 

=(y- 6)(y— 56) 

Weknow thata =x —x 

=(x* —x-—6)(x* —x-56) 

= (x° —3x+2x-6)(x° —8x+7x—56) 

= [x(x —3) + 2(x —3)][x(x —8) + 7(x-8)] 
=(x+2)(x-3)(x+7)(x-8) 


(vy) (x 4:1)(x 4+ 2)(x 4: 3) 4 6)-3x° 
Solution: (x +1)(x + 2)(x + 3)(x + 6)—3x° 
=[(x+1)(x + 6)][(x+ 2)(x + 3)]-3x? 

= [x(x + 6) +1(x+ 6)][x(x+ 3) + 2(x +3)]-— 3x? 


= (x? + 6x+x+ 6)(x? +3x+ 2x4 6)—3x? 
= (x? + 6+ 7x)(x* + 6+ 5x)—3x? 
Suppose that 

x +6=y 

So, 

= (y+ 7x)(y + 5x) -—3x° 
=[y(y + 5x) + 7x(y + 5x)]-3x° 
= (yp? + 5xy + Txy + 35x" —3x’) 
=y? +1 2xyt32x" 

=y" +8xy+4xy+32x° 
=y(vt+8x)+4x(y+8x) 
=(y+4x)(+8) 

Weknow that y=x° +6 

=(x° +6+4x)(x° +6+8x) 

=(x" +4x+6)(x? +8x+6) 

Q.5 


(i) x +48x-—12x° - 64 
Solution: x +48x-—12x° — 64 
= x -12x? + 48x- 64 

a —3a°b + 3ab* —b* = (a- by’ 
= (x) —3(x)°(4) + 3(xy(4y° — (4) 
=(x-—4) 


(ii) 8x° +60x? +150x +125 

Solution: 8x° +60x° +150x +125 
a’ +3a°b+3ab’ +b* = (a+b) 

= (2x)* + 3(2x)’ (5) + 3(2x)(5)° + (5)° 

=(2x+5)° 


(iii) x —18x° +108x-216 
Solution: x —18x° +108x—216 

a —3a°b+3ab’ —b* =(a—b) 
=(x)> ~3(x)°(6) +3(x)(6) —(6)° 
=(x-6)’ 


(iv). 8x° -125y° —60x7y4+150xy" 
Solution: 8x° —125y° = 60x7y +150xy" 
= 8x' —60x’ y+150xy? —125y° 

a —3a°b + 3ab° —b* =(a- by’ 
= (2x)’ —3(2x)’(Sy)+3(2x)(5y) —(Sy)’ 
= (2x—Syy’ 


Q.6 


(i) 27+8x° 

Solution: 27+8x° 

= (3)? + (2x) 

= (3 + 2x)[(3)’ — (3)(2x) + (2x)"] 
=(3+2x)(9-6x+ 4x") 


(ii) = 125x°-216y° 
Solution: 125x° —216y° 
= (5x)’ -(6y)’ 
(a-b)(a +ab +b’) =a’-—b? 
= (5x —6y)[(5x)° + (5x)(6y) + (6y)"] 


= (5x —6y)(25x* + 30xy + 36y°) 


(iii)  64x°+27y° 
Solution: 64x°+27y° 
=(4x) +(3y) 
(a+b)(a° +ab+b°)=a° +b° 
=(4x+3 y)| (4x) ~(4x)(39)+(3 yy | 


=(4x+ 3y)(16x" —12xy+9y") 


(iv) (2x) + Sy) 
Solution: (2x) + (Sy) 
(a—b)(a +ab +b°)=a° —p° 
= (2x + 5y)| (2x)° —(2x)(5y) + (5y)° | 
= (2x + 5y)(4x” —10xy + 25y’) 


Exercise 5.3 


Q.1 Use the remainder theorem to 
find the remainder when 


(i) 3x° -10x° +13x-—6 is divided by 
(x-2). 

Solution: 

P(x) =3x° -10x* +13x-6 

Since P(x) is divided by (x-2). 

“PQy=R 

R = 3(2)° -10(2)* +13(2)-6 

= 3(2)' -10(2)’ + 13(2) -6 

= 24-404+26-6 

R=4 

Hence 4 is the remainder 


(ii) — 4x° —4x +3is divided by (2x-1) 
Solution: 
P(x)=4x" —4x4+3 
Since P(x) is divided by (2x-1) 
R=P(4| 
2 

icy oe | 
=4/-| -A x—+3 
A A 4 
=Ax 243 
=1 243 

2 
_1-4+6_ 3 


3 4 . 
Hence ry is the remainder 


(iii)  6x°+2x°-x+2 is divided by 
(x+2) fromx+2=0 

Solution: Given that 

P(x)=6x'+2x*-x+2 

Since P(x) is divided by (x+2) 

-.R=P(-2) 

=6(-2)' + 2(-2)° - (-2) +2 

=96-16+2+2 

R=84 

Hence 84 is the remainder 


(iv)  (2x-1)? + 6(3+ 4x)? -10 is 
divided by2x+1from2x+1=0 


1 
x=-= 
2 


Solution: Given that 
P(x) =(2x-1)° + 6(3+ 4x)’ -10 
Since P(x) is divided by 2x+1 


f R> Pt 3 
-2{-3}5] 16344 ell —10 


=[-1-1] +6[3-2]° -10 


=[-2] +6-10=-8+6-10 


R=-12 
Hence -12 is the remainder 


(v) x -3x°+4x-14is divided by 
(x+2) from x+2=0,x =—2 

Solution: Given that 

P(x)= x? —3x° +4x-14 

Since P(x) is divided by (x+2) 

.R=P(-2) 

=(-2)' —3(—2)* + 4(-2)-14 

=-8-12-8-14 

R=-—-42 

Hence -42 is the remainder 


Q.2 


(i) If (x+2) is a factor of 
3x°—4kx—4k° then find the 

values of kK x+2=0x=-2 

Solution: Given that 

P(x)= 3x? —4kx —4k? 

P(-2)=3(-2)° —4k(—2)—4k? 

P(-2)=12+8k-4k* 

If (x+2) is the factor then remainder is 

equal to zero 

P(-2)=0 

12+8k—4k* =0 

4(3+2k—k*)=0 


+2 43-2 
4 


—k*? +3k-k+3=0 
k(k -3)-1(K -—3) =0 


(k -3)\(-k -1) =0 

k-3=0 -k-1=0 

k=3 =k 
k=-1 


(ii) If (-1) is a_ factor’ of 
x’ —kx’+11x-6the find the 
value of k from x—1=0 x=1 

Solution: Given that 

P(x) =x? —kx’ +11x-6 

P(1)=(1y’ —&(1)° +111) -6 

P(1)=1—k+11-6 

P(1)=6-—k 

If (x-1) is the factor then remainder is 

equal to zero 

P(1)=0 

6-k=0 

k=6 


Q.3 Without long division determine 
whether 


(i) (x—2) and(x—3) are factor of 
P(x) =x -12x° + 44x—48 from 
x-2=0 x=2 

Solution: Given that 

P(x)= x’ -12x7 + 44x-—48 

If (x-2) is the factor then remainder is 

equal to zero 

P(2)=(2)° —12(2)° + 44(2) 48 =8—48+ 88-48 =0 

Hence x - 2 is a factor of P(x) 

Forx-3 

R= P(3) 

=(3)'-12(3)? +44(3)-48 

=(3)'-12(3)? +44(3)-48 

=27-108+132-48 

=159-156 

R=3 


> 


3 is remainder hence x—3is not factor of 


P(x) 
P(3).is not equal-to zero then x-3 is not 
factor of P(x) = x3 =12x° + 44x — 48 


(ii) (x—2),(x+3)and (x—4) are 
factor of g(x)=x' + 2x° —5x—-6 
from x-—2=0,x=2 

Solution: Given that 

q(x)=x° + 2x’ -5x-6 

For (x-2), putt x-2=0 

x=2 

R=q(2) 

=(2)' +2(2)' -5(2)-6 

R=8+8-10-6 

R=16-16 

R=0 

Hence x-2 is factor of 

q(x) =x° + 2x° -5x-6 

For (x+3), putt x+3=0 

x=-3 


R= q(-3) 


=(-3) +2(-3/ —5(-3)-—6 
=—27+18+15-6 

K =0 

Hence x-2 is factor of 

q(x)=x° + 2x° —5x-6 

For x-4, x-4=0 

x=4 

R=q(4) 

= (4) + 2(4)° —5(4)-6 

= 64+32-20-6 

R=70 

Hence x-4 is not a factor of 

q(x)=x° + 2x? -5x-6 


Q.4 ‘For what value of is the 
polynomial P(x) =4x°-7x7+6x-3m 
exactly divisible by x+2? 

Solution: 

P(x) = 4x° —7x? +6x—3m 

From x+2=0, x=-2 

P(-2)=4(-2)°-7(-2)° + 6(—2)— 3m 

P(-2)=-32-28-]2-3m=-72-3m 

If (x+2) is the factor then remainder is 

equal to zero 

P(-2)=0 

—72-—3m=0 


Q.5 Determine the value of & if 
P(x) = kx’ + 4x° +3x—4 and 
q(x) =x°—4x+k leaves the same 
remainder when divided’ by 


(x-3). 


Solution: 
g(x) =x° —4x+k 
from x-3=0 x=3 
k= q(3) 
= (3) -4(3) +k 
=27-12+k 


=15+k 

R, =15+k (i) 
R, = P(3) 

= k(3)’ + 4(3)’ +3(3)-4 

= 27k +36+9-4 
R, =27k+41 (ii) 
Since it leaves the same remainder. 
Hence R, = R, 
15+k=27k+41 
15-41=27k-k 
—26 = 26k 

—26 


26 
k=-1 


Q.6 The remainder after dividing the 
polynomial P(x) =x +ax°+7 by 
(x+1) is 24 calculate the value of 
a and 4 if this expression leaves a 
remainder of (b+5) on being 
dividing by («—2) 

Solution: 

Let 

P(x) =x +ax° +7 

Since P(x) is divided by (x+1) 


Put x+1=0 x=-1 
R=P(—1) 
=(-1)° +a(-1)’ +7 
=-l+a+7 
R=a+6 


According to first condition remainder is 
2b 
2b=a+6 ... (1) 
Since P(x) is divided by (x-2) 
Put x-2=0 
x=2 
P(2)=(2)' +a(2)° +7 
=8+4a+7 


R=15+4a 

According to second condition remainder 
is (b+5) 

15+4a=bt+5 

4a-b=5-15 

4a-b=-10 ...(ii) 


Solving equations (1) and (11) 
From equation (11) b=10+4a putting the 
value of be in equation (i) 
a+6=2(10+4a) 
a=20+8a-6 
-8ata=14 
-7a=14 
14 
-7 
a=-2 
Putting the value of a in equation (11) 
4a—b=-10 


a 


4(-2)-b=-10 
-8-b=-10 
-8+10=5 
2=b 

b=2 


Q.7 The polynomial x° +x + mx + 24 
has a factor (x+4) and it leaves 
a remainder of 36 when divided 


by (x-2) 
Find the values of / and m1. 
Solution: 
Let 
P(x)=x° + 1x’ +mx+24 
From x+4=0 x= —4 


P(-4) = (-4)? + l(-4) + m(-4)+ 24 

P(-4) = -64+ 161-4m+ 24 

P(-4) = 161 -4m- 40 

According to condition (x+4) is the factor 

then 

16/—4m-40=0 

4[4/-m-10]=0 

4/—m-10=0 (i) 

from x -2 =0 ,=2 

Now P(2)= (2) +l(2) +m(2)+ 24 
P(2)=8+4/+2m+24 
P(2)=4/+2m+32 

According the condition 


4] +2m+32=36 

4] +2m =36-32 

41+2m=4 

41+ 2m—4=0 (ii) 

Subtracting (i) from (ii) 

Ml +2m-—4=0 

+ =mF10=0 
3m+6=0 


3m+6=0 
3m =—-—6 


= 62 

m= z 

Putting the value of m is equation (1) 
4/ —(-2)-10=0 

4/+2-10=0 

4/-8=0 

4/=8 

/ 28 

A 


f=2 


m= 


Q.8 The expression /x°+mx*—7 
leaves remainder of —3 and 12 
when divided by(x-1) and 


(x+2) respectively. Calculate 
the value of / and ™. 
Solution: 
P(x)= be + mx? —7 
from x-1=0 x=] 
P(l) =10y +m(ly -4 
Pd)=l+m-4 
According to conditions /+m-4=-3 
l+m=4-3 
f=l=m (i) 
From x+2=0 x=-2 
P(-2) =I(-2y' + m(-2y -4 
P(-2)=-8/+4m-4 
According to condition 


—8/+4m—-—4=12 
Putting the value of / in the equation 


-8|1—m|+ 4m =16 
—-§+8m+4m=16 
12m=16+8 
12m = 24 
mea 


a 


m= 2 
Putting the value of m is equation (i) 
/=1-2 


/=-] 
m=2 
/=-] 
Q.9 The expression 


ax’—9x°+bx+3a is exactly 
divisible by x°—5x+6. Find the 
value of a and 4. 
Solution: Given that 
P(s)= ax’ —9x°? + bx +3a 
x’-5x+6 =x’ -2x-3x+6 
co MP parle 2] 
=[x—2] [x3] 
(x-2)(x—3)is divides the expression ax’- 
9x? +bx+3a from x-2=0,x=2 
P(2) =a(2Y —9(2) +.b(2)+3a 
P(2) =8a—36+ 2b+3a 
P(2)=1la+2b—36 
According to condition (x-2) is the factor 
SO 


| la+2b-36=0 (i) 
From x-3=0,x=3 


P(3)=a(3) —9BY +h(3)+3a 
P(3) = 27a—-81+3b+3a 


P(3)=30a+3b-81 
According to condition (x-3) is the factor 


SO 

30a+3b-81=0 (ii) 
3(10a +b -—27) =0 
W0a+b-27== 

b=27-10a (iii) 


Putting the value of bin equation _—(i) 


lla +2[27-—10a)—36=0 
lla+54-20a—36 =0 


—9a+18=0 
+18 =9a 


7-18? 
fg 


a=+2 , , 
Putting the value of a in equation 
b = 27-10(+2) 


b =27-20 
b=7 
a@=2 


(iii) 


Exercise 5.4 


Qi x°-2x?-x+2 

Solution: Given that 

P(x)=x° -2x°-x+2 

P=2 and possible factor of 2 are+1,+2. 
Here q=1 and possible factor of 1 are+1. 


So possible factor of P(x) will be form = =21+2 
q 


P(x) =x° —2x?-x4+2 

Put x=1 

P(l)=(ly —20) -142 ==1—2~—1+2=0Remainder is equal to zero so (x-1) is factor 
Put x=-1 

P(-l)=(1 —2(-l)’ —-(-1) +2 =-1-2+1+2=ORemainder is equal to zero so (x+1) is factor 
Put x=2 

P(2) =(2) —2(2) —(2)+ 2=8-8-—2+2=0 Remainder is equal to zero so (x-2) is factor 
x -2x? —x+.2=(x-1)(x+1)(x-2) 


Q.2 x -x’-22x+40 

Solution: Given that 

P(x) =x° —x° -22x+40 

P=40 

possible factor of 40=+1, +2, +4, +5,+8, +10, +20, +40 
Here q=1 and possible factor of lare +1 

So possible factor of P(x) will be from 


a = +1, +2, +4, +5, +8, +10, +20, +40 


q 
PQ) Sx = =225240 
Put x=2 


P(2)=(2Y -(2Y —22(2)+40 
=8-4-44+40=0 

Remainder is equal to zero so (x-2) is a factor 
Put x=4 


P(4) = (4Y -(4) —22(4) + 40 

= 64-—16-—884+40=0 

Remainder is not equal to zero so (x-4) is a factor 
Put x=-5 


P(-S)= (-5) - (-5Y — 22(—5) +40 

= —125-25+110+40 

=—150+150 

=0 
Remainder is equal to zero so (x+5) is a factor 
Hence x° — x° —22x +40 =(x—2)(x—4)(x+5) 


Q.3 x°-6x?+3x+10 

Solution: Given that 

P(x) =x° — 6x" +3x+10 

P=10 

So possible factor of 10 are +1,+2,+5,+10 
Here q=1 So, possible factor of lare +1. 


So possible of factor of P(x) can be found from i S22 45,210 
q 

P(x)=x°-6x7+3x+10 

Put x=-1 

P(-1)=(-1)°-6(-1)?+3(-1)+10=-1-6-3+10=0 

Remainder is equal to zero so (x+1) is a factor 

Put x=2 

P(2)=(2)°-6(2)?+3(2)+10=8-24+6+ 10=0 

Remainder is equal to zero so (x-2) is a factor 

Put x=5 


P(5) =(5)’—6(5) +3(5) +10=125—150+15+10=ORemainder is equal to zero so (x-5) is a factor 
Hence x° —6x* +3x+10=(x+1)(x—2)(x-5) 


Q.4 x°+x’-10x+8 
Solution: Given that 
P(x)=x°+x?-10x+8 

P=8 So possible factor of 8 

are +1, +2,43,+4 +5 +6, +7,+8. 


: P 
Here q=1 So possible factor can be found from — = +1, +2,+4, +8 


P(x)=xP +x?-10x+8 

Put x=1 

P(1)=(1) +(1) -10(1)+8=1+1-10+8=0 
Remainder is equal to zero so (x-1) is a factor 
Put x=2 

P(2) =2°+2 —10(2)+8 

=8+4-20+8 

= 20-20 

= 

Remainder is equal to zero so (x-2) is a factor 


Put x=-4 

P(-4)  =(-4)°+(-4)?-10(-4)+8 
=-64+16+40+8 

=-64+64 

=0 

Remainder is equal to zero so (x+4) is a factor 
Hence x* +x” -10x+8=(x-1)(x-2)(x+4) 


Q.5 x -2x°-5x+6 

Solution: Given that 

P(x) =x? —2x? —5x+6 

P =6So factors of 3are+1,+2, +3, +6 
Here q=1 So factors of lare+ 1. 


So possible factors of P(x) can be found from = +1 42.43, 76 
G 

P(x)=x?-2x7-5x+6 

Put x=1 

P(1) =(1)°-2(1)?-5(1)+6 

=]-2-5+6 

=-7+7 

=0 

Remainder is equal to zero so (x-1) is a factor 

Put x=-2 


P(-2) =(-2) -2(-2) -5(-2)+6 
=-8-8+10+6 

=-16+16 

=0 

Remainder is equal to zero so (x+2) is a factor 
Put x=3 


P(3) =(3) —2(3) -5(3)+6 

= 27-6-15+6 

27-27 

=0 

Remainder is equal to zero so (x-3) is a factor 
Hence x° — 2x* —5x+6 =(x—1)(x+2)(x-3) 


Q.6 x°+5x*-2x-24 

Solution: Given that 

P(x) =x? +5x’ -2x-24 

P= —24 So possible factors of 24 are +1, +2, +3,+4, +6, +8, +12, +24 
Here q=1. So possible factors of 1 are + 1. 

So possible factors of P(x) will be found from 


P =41,42,43, +4, 46,48, 412,424 
q 


P(x )= x 4+-5x--2x-24 

Put x=2 

P(2)=(2)°+5(2)°-2(2)-24 

=8+20-—4-—24 

= 28-28 

=0 

Remainder is equal to zero so (x-2) is a factor 
Put x=-3 

P(-3) =( -3)°+5(-3)°-2(-3)-24 
=-27+45+6-24 

=-514+51 

=0 

Remainder is equal to zero so (x+3) is a factor 
Put x=-4 

P(-4) =( -4)°+5(-4)?-2(-4)-24 
=-64+80+8-24 

=-88+88 

=0 

Remainder is equal to zero so (x+4) is a factor 
Hence x° +5x* -2x-24 =(x-2)(x+3)(x+4) 


Q.7 3x -x?-12x+4 

Solution: Given that 

P(x) =3x° - xa 
P=4 So possible factors of 4 are +1,+2,+4. 
Here q=3 So possible factors of 3 are 1,43. 
So possible factors of P(x) can be found from 
a +1,+2, gees 

g "3° 3 

Put x=2 

P(2)=3(2) —(2) -12(2)+4 
=-24-44+244+4 

= 28-28 
=0 

Remainder is equal to zero so (x-2) is a factor 
Put x=-2 

P(-2)=3(-2)’ -(-2)° -12(-2)+4 
=—24—-4+24+4 

= 28-28 

=0 
Remainder is equal to zero so (x+2) is a factor 


Put pee 
3 


9} 9 
Ot 
3 
=9 
l 35=] 
= 
3 3x-1 


Remainder is equal to zero so (3x-1) is a factor 


Hence 3x° — x? -10x+4 =(x—2)(x+2)(3x-1) 


Q.8 2x°+x?-2x-1 
Solution: Given that 
P(x)=2x7-+x?-2x-1 


P= —1So possible factors of -1 are + 1, + 2. 


ae ; . . Pp 
Here q=1. So possible factors of P(x) will be found from — 
q 


P(x)=2x3+x?-2x- 1 

Put x=1 

P(1) = =2(1)°+(1)?-2(1)-1 
=2+1-2-1 


Remainder is equal to zero (x-1) is a factor 
Put x=-1 

P(-1)  =2(-1)°-++(-1)?-2(-1)-1 

=2+1-2-1 

=3-3 

=0 


Remainder is equal to zero (x+1) is a factor 


Put fos 
Z 


= 0 
1 
x=-— 
2 
2x=-1 
2x+1=0 


Remainder is equal to zero so (2x +1) isa factor 


Hence 2x° + x° —2x-1=(x-1)(x+1)(2x+1) 


Review Exercise 5 


Filling the blanks: 


The factor of x° —5x+6are 


(a) x+1,x-6 
(c) X+-6,2-— 
Factors of 8x° +27) are 


(a) (2x-3y),(4x° +99”) 


(c) (2x+3y),(4x? — 6xy +9”) 


Factors of 3x° —x—2 are 
(a) (x+1),(3x-2) 
(c) (x-1),(3x-2) 


Factors of a’ —4h' are 


(a) (a—b),(a+b),(a° +46") 


(c) (a—b)(a+b)(a° + 4b°) 


(b) x=—2,x-3 


(@) 44 2:53 


(b) (2x — 3y),(4x° = oy") 


(d) (2x-3y),(4x° + 6xy + 9y") 


(b) (x+1),(3x+2) 
(d) (x—1),(3x+2) 


(b)(a’ ~3h* ).(a@ + 2b*) 


(d) (a+ 2b), (a° +26") 


What will be added to complete the square of 9a° —12ab ?..... 


(a) —16b? (b) 16b? 


(d) —4b? 


Find m so that x° +4x+is a complete square 


(a) 8 
(c) 4 


Factors of 5x’ —17xy—12y° are 


(a) (x+ 4y),(Sx+3y) 


(c) (x-4y),(5x+3y) 


3 1 
Factors of 27x’ -—~ are 
XxX 


(a) (3x1) for 1345] 
x x 

(c) [sx-2} 95° -3+4) 
Kye X. x 


(b) -8 
(d) 16 


(b) (x-4y),(Sx-3y) 
(d) (5x-4y),(x+ 3y) 


Y.2 Completion items 
(i) x’ +5x+6= 
(ii) 4a -16= 
(iii)  4a°+4ab +( )is a complete square. 
(vy 24% 

y 
(v) (x+ y)(x’ —xy+ y’)= 
(vi) Factored form of x*—16is 
(vii) If x-2 is factor of P(x) =x + 2kx +8 then= 

ANSWER KEYS 
(i) (x+3)(x+2) 
(ii)  (2a+4)(2a—4)=4(a+2)(a—2) 
(iii) — (b)’ 
(iv) Sd) 
yx 

(vy) ety 
(vi)  (x+ 2)(x-2)(x° +4) 
(vii) -3 
Q.3_‘-Factorize the following (iii) 9x7 +24x+3x48 
, , Solution: =9x° + 24x+3x+8 
a =3x(3x +8)+1(3x +8) 
Solution: x°+8x+16-4y" = (3x +8)(3x-+1) 
=[x°+8x+16 ]-4y° 
[Oy +20)(4) +(4) |-@ny 2 


(+4) (29) 
Now arrange them 
=(x+4+2y)(x+4-2y) 
=(x+2y+4)(x-2y+4) 


(iil) 4x°-16y” 
Solution: 4x°-16y* 
=4| x? —4y° | 

=4| (x) -(2y) | 


=4(x-2y)(x+2y) 


Solution: |—64z° 
=(1)’ -(4z) 
=(1-42)| (I) +(1)(42) + (42) | 


=(1-4z)(1+4z +162’) 


(vip) 2y +5y-3 

Solution: =2y +6y—y-3 
= 2y(y+3)-1(y+3) 
=(2y-1)(y+3) 


(vii) x +x?-—4x-4 
Solution: x° +x? —4x—4 
=x (x+1)—4(x+1) 
=(x+1)(x° 4) 

(x 1)(0=2)(0+2) 


(viii) 25m°n?+10mn+1 
Solution: 25m°n?+10mn+1 
=(5mn) +2(5mn)(1)+(1) 


=(5mn+1) 


(ix) 1-12pq+36p*q? 
Solution: |—12pq+36p°q° 
“(ay —2ab+ (by 

= (1) —2(1)(6pq)+ (6 pq). 
=(I- 6pq) 


Unit 5: Factorization 


Factorization: 


The process of expressing an algebraic expression in terms of its factors is called 
factorization. 


Remainder Theorem: 


If a polynomial p(x)is divided by a linear divisor (x—a),then the remainder is 


p(a). 


Zero of a Polynomial: 
If a specific number x = ais substituted for the variable xin a polynomial p(x)so 


that the value p(a)is zero, then x = ais called a zero of the polynomial p(x). 


Factor Theorem: 


The polynomial (x—a)is a factor of the polynomial p(x)if and only if p (a) =0. 


Rational Root Theorem: 


Let ax" +a,x"'+...+a,,x+a4,=0, a, #0be a polynomial equation of degree n with 

' . D : ; 

integral coefficients. If Pis a rational root (expressed in lowest terms) of the 
q 

equation, then pis a factor of the constant term a@,and qis a factor of the leading 


coefficient a, . 


Exercise 6.1 


Q.1 Find the H.C.F of the following expressions. 


(i) 39x’ yz and 91x y°z’ 
Solution: 
39x7 yz = 3x13 XXX XXIV VV.Z 


91x y°z" =TxX13X XXX VV VV YY LZZ2222 
HF = 1SXexYeN Vy ys 
H.C.F = 13x°y’z 


(ii)  §102xy°z,85x° yz and 187xyz° 
Solution: 
102xy*z =2x3x17xx.y.y.z 
85x° yz =5x17Txxxyz 
187xyz? =11x17xx.y.z.z 
H.C.F =] Zxyz 


Q.2.__‘ Find the H.C.F of the following expression by factorization. 


(i) x°+5x+6,x? —4x-12 
Solution: x° +5x+6,x° —4x-12 
Factorizing x° +5x+6 
=x7?+3x+2x+6 
= x(x+3)+2(x+3) 
=(x+3)(x+2) 
Factorizing x° —4x—12 
=x°-6x+2x-12 
= x(x-6)+2(x-6) 
=(x-6)(x+2) 

So, 
H.C.F = (x+2) 


(ii) x S27 x + 6y=27, 2%" =18 
Solution: x? —27,x° +6x—27,2x* —-18 


Factorizing x’ —27 

=(x) -(@) 

(3) (0 +09)+0)] 
=(x- 3)(x° +3x+9) 
Factorizing x° +6x—27 

=x" +9x—3x-27 

= x(x+9)-3(x+9) 
=(x+9)(x-3) 

Factorizing 2x° —18 

= 2(x? -9) 


=2{ (x) -@)'| 
= 2(x-3)(x+3) 
So, 

H.C.F = (x-3) 


(iii) = x° —2x? +x,x°+2x-3,x° +3x-4 
Factorizing x’ —2x° +x 
= x(x° =2x +1} 
x(x° -x-x+]) 


= x| x(x—1)-1(x-1)] 
= x(x-1)(x-1) 
Factorizing x° +2x—3 
=x°+3x-x-3 

= x(x+3)-1(x+3) 

= (x+43)(x-1) 
Factorizing x° +3x—4 
=x? +4x—-x-4 
=x(x+4)-1(x+4) 
=(x+4)(x-1) 

So, 

H.CF =(x-1) 


(iv) 18(x° —9x° +8x),24(x° +3x+2) 
Solution: 18(x° —9x? + 8x),24 (x° +3x+ 2) 
Factorizing 18(x° —9x° + 8x) 
= 6x3xx(x° ~9x +8) 


(v) 


=6x3xx(x° —8x—x+8) 
=6x3xx|x(x-8)-1(x-8) | 
=6x3xx(x-8)(x-1) 
Factorizing 24 (x7 +3x +2) 
=6x4(x° —3x+2) 


=6x4(x? -2x-x+2) 
= 6x4] x(x—2)-1(x-2) | 
= 6x4(x-2)(x-1) 


So, 
H.C.F = 6(x-1) 


36(3x* + 5x? - 2x"), 54(27x* - x) 
Factorizing 36(3x* + 6x’ — 2x’) 
=3x3x2x2xx? (3x? +5x—2) 
=3x3x2x2xx° (3x7 4 6x= x2) 
=3x3x2x2xx?|3x(x+2)-1(x+2) | 
=3x3x2x2xx"(x+2)(3x-1) 
Factorizing 54(27x* — x) 
=3x3x3x2xx(27x -1) 


=3x3x3x2xx| (3x)' —(1) 
=3x3x3x2xx(3x—1)| (3x) +(3x)(1)+(1) | 
=3x3x3x2xx(3x-1)(9x? +3x +1) 


So, 


H.C.F = 3x3x2xx(3x-1) 


=18x(3x-1) 


Q.3 ‘Find the H.C.F of the following by division method. 
(i) x? + 3x7 -16x+12, x? +x? -10x+8 
Solution: x° +3x? —16x +12, x°+x° -10x+8 


i 


xr+x -10x+8)x° +3x* —16x+12 


+x? +x? F10x+8 
2x° —6x+4 
2(x° -3x+2) 


x+4 


3x42) +x? -10x+8 
 E3x7 +2 

Ax? -12x +8 

+4x? 512x+8 


x 
H.C.F = (x° -3x+2) 


(ii) 39 x +x° —2x? +x-3, 5x° +3x? -17x+6 
Solution: x* +x° —2x* +x-3, 5x° 43x" -17x+6 


x+2 
5x° + 3x’ -17x+6)x" 4x7 =2x7 4+x-3 


xd 
5x* +5x° —10x? +5x-15 
+5x4 +3x° $17x? + 6x 
2x? +7x° —x-15 


x5 


10x? + 35x? —5x—75 
+10x? +6x? $34x+12 
29x° +29x —87 
29(x* +x -3) 
5x -2 
* 42—3)5x° 43x" —17 x46 
2x’ -2x+6 
Fax? F2x+6 


Xx 


H.C.F = (x° +X -3) 


(iii) = 2x° —4x* —6x,x° + x* —3x° —3x’ 
] 
2x° — 4x* —6x) x° +x* -—3x° -3x’ 


x2 
~2x° +2x* — 6x? — 6x" 
~2x° = 4x* F6x 
6x* —6x° — 6x” +6x 
6(x* -x-x’ + x) 


2x —2 


xi — x? +x) 2x — 4x’ - 6x 


+2x°+2x? 9 F2x* F2K? 


—2x* + 2x° —2x? — 6x 
F2x7 +2x° +2x? F2x 
—4x° — 4x 
—4(x? = x) 


x’ -2x+1 


H.C.F =x? +x 


Q.4 ‘Find the L.C.M of the following expressions. 


(i) 39x’y°z and 91x’ y°z’ 
Solution: 
39x" yz =3x13X XXX XXX YYZ 
91x? oz" =7x13XXXXXXYVVVVY2L222.2.2 
Common=13x° y*z 
Uncommon= 3x 7 x x7y°z° 
= Ixy Zz 
L.C.M= common factors x uncommon factors 
=13x° y'zx 21x’ y'z* 
273x’y°z’ 


(ii)  102xy*z,85x° yz and 187xyz° 

Solution: 

102 xy’z =2x3x17xypy.z 

85x? yz =S5xI7XXXY.Z 

187 xyz? =11x17.xy.z.z 

Common=17xyz 

Uncommon= 2x3 x5x11.xyz 
=330 xyz 

L.C.M=common x uncommon 
= 17 xyz x 330xyz 
= 5610x’ yz” 


Q.5 ‘Find the L.C.M of the following by factorizing. 


(i) x°—25x+100 and x° —x-20 
Solution: x° —25x+100 and x° —x—20 
Factorizing x’ — 25x +100 
=x" -20x-5x+100 
= x(x-20)—5(x-20) 
=(x-20)(x—5) 

Factorizing x° +x—20 
=x°-5x+4x-20 

= x(x-5)+4(x-5) 
=(x-5)(x+4) 

So, 

L.C.M = (x—5)(x+4)(x—20) 


(ii) x°+4x+4,x° —4,2x° +x-6 
Solution: x° +4x+4,x° —4,2x° +r-6 
Factorizing x +4x+4 
=x’ +2x+2x+4 
= x(x+2)+2(x+2) 
=(x+2)(x+2) 
Factorizing x —4 
=(x) -(2) 
=(x=2)(*+2) 
Factorizing 2x° +x-—6 
=2x°+4x-3-6 
= 2x(x+2)-3(x+2) 
=(x+2)(2x-3) 


So, 
L.C.M =(x+2)(x+2)(x-—2)(2x-3) 


=(x+2) (x-2)(2x-3) 


(iii) 2(x*- y*),3(x° +2x°y—xy? -29’) 
Factorizing 2(x* = y‘) 
= 2| (x*) -(»*)'| 
= yA +y°)(x° -y’) 
=2(x° +y*)(x+y)(x-y) 
Factorizing 3(x° +2x7y—xy? -2 y) 
=3| x? (x+2y)-y’ (x+2y)| 
=3(x+2y)(x? -y’) 
=3(x+2y)(x+y)(x-y) 
So, 
L.O.M= (x+y)(x—y)(x? +y?)(x+2y)x2x3 
=6(x+y)(x-y)(x? +y*)(x+2y) 
= 6(x#2y)(xt=p") 


(iv) A(x" =1),6(x° -x? -x+1) 
Solution: 4(x' =1),6(x° —x -x+l) 


Factorizing A(x" ~ 1) 


== 2x2| (x ) -(| 

= 2x 2(x? +1)(x* -1) 

= 2x 2(x? +1)(x+1)(x-1) 

=6(x* - x? -x +1) 

= 2x3] x*(x-1)-1(x-1) | 

=2x3| (x-1)(?-1) | 

=2 x 3(x -1)(x -1)(x+1) 

L.C.M=2 x 2x3(x -— Dt 1) = 1)? +1) 
=12(x-1)' (xt 1)? +1) 
=12(x-1)(x*-1) 


Q.6 


Q.7 


For what value of k is (x+4) the H.C.F of x° +x—(2k+2) and2x° +kx-12? 
Solution: 

P(x) =x? +x-(2k+2) 

Since x+4 is H.C.F of P(x) and g(x) 
“.x+4 1s a factor of P(x) 

Hence P(—4)=0 

x’ +x—-(2k+2)=0 

By putting the value of x 

(-4) +(-4)-(24 +2) =0 
16-—4-2k-2=0 

-2k+10=0 

2k =10 


If (x+3)(x-2) is the H.C.F of P(x)= (x+3)(2x" —3x+k) and g(x) =(x—2) 
(3x° +7x—) the find-k and / 

Solution: (x-2) (x+3) will divide P(x) =(x+3) (2x?-3x+K) 
(x — 2) (x+3) will divide P(x) =(x+3) (2x?-3x+K) 

x-2=0 

x=2 

P(2)=(2+3)(2(2)° -3(2)+K) 

P(2)=(5)(2 x 4-6+K) 

P(2)=5(8-6+K) 

P(2)=5(2+K) 

Remainder is equal to zero 

5(2+K)=0 


q(x) = (x-2)(3x° +7x-1) 
(x-2)(x+3) will be divide g (x) = (x-2)(3x" +7x-1) 


Q.8 


g(-3)=(-5)|[27=21-1] 


q(-3)=(-5)(6-/) 
Remainder is equal to zero 
—5(6-/)= 

6-1=0 

,=6 


The L.C.M and H.C.F 
polynomials ? (x) and g(x) are 2(x* - 1) and (x + I)(x° + 1) 
P(x)=x°+x°+x+1, find g(x) 
Solution: .. P(x) q(x) =L.C.MxH.C.F 
P(x)xq(x)=L.CM*H.CF 
q(x x)= LCM xH CF 


P(x) 


By putting the values 


2(x*-1}(x+1)(x" +1) 
We) Feet 


gs) _ 2(x" _ I)(x+ I)(x° + ) 


x (x +1) +4(x +1) 
1(j 2 OA) 4 1) 
Pate 
q(x) =2(x* -1) 


of 


respectively. 


Let p(x)=10(x' —9)(x°-3x+2)and_ q(x) =10x(x+3)(x-1)’.if the HLC.F of 


p(x),q(x) is 10(x+3)(x—1), Find their L.C.M 
Solutions: p(x) q(x) =L.C.MxH.CF 
pix)xq(s)=LCMeaCr 
LCM _ P(x)xa(x) 


HCF 
By putting the values 


(x -9)(x° ~3x+2)x10x( x45) (x-1)’ 
W(x+5)(x-1) 


LCM =10x(x" -9)(x? -3x+2}(x-1) 


LCM = 


Q.10 Let the product of L.C.M and H.C.F of two polynomial be(x +3) (x—2)(x+5). 


If one polynomial is (x+3)(x—2)and the second polynomial is x +k +15, find 
the value of k. 

Solution: p(x)xg(x)=L.CMxHCF 

p(x)xq(x)=L.CM xH C.F 

By putting the values 

(x +3)(x-2)(x° + kx +15) (x +3) (x-—2)(¥+5) 


(x+3)’ (=<2)(x+5) 
ee Dae) 
x +hx+15=(x+3)(x +5) 

x +he+15=x +8x4+15 

l= ff 4846-9 ~ 6 

kx =8x 

- 


k=8 


x +hxe+15= 


Wagas wishes to distribute 128 bananas and also 176 apples equally among a 
certain number of children. Find the highest number of children who can get 
fruit in this way. 


Solution 
1 
128 1 76 
128 
2 
48 }128 
-96 
32)48 
—32. 
2 
16 32 
—32 
0 


Highest no. of children =16 


Exercise 6.2 


Q.1 Simplify each of the following as a rational expression. 


x —x- an x ae 24 
x 29 x -x-12 
Solution: so iets : x +2x—24 a 
x -9 x —x-12 
_2 ~x-6 x +2x-24 
x -9 x -x-12 
= —3x=2x-6 | x <> 4x-—24 
(x) =(3). x —x-12 
_ X=3)+ 24-3) | (X46) — HX + 6) 
(x-3)(x +3) x(x —4) + 3(x- 4) 


_(X<B)(x4+2) | (8+ <4) 
~ (3 \r#3)— G=F\aH8) 


_(%+2) +6) 
(x43) (x +3) 
_ xX+24+x+6 

7 x¥+3 

_ 8+2x 

x43 

_ 2(x+4) 

xy 43 


(i) 


= x-] =| Ax 
Q.2 


. x+l x-l 4% 4x 
Solution: | ———-——— + 


x-1 x+1l x41] x°-1 


a x-l 4x | Ax 
—4 4. 7 
x -l 


(es -(x- ly 4x } 4x 


(x-1)(x+1) x? 41] xt-1 


x=1 x41 x41 


Ss aernaas 4x | 4x 


(x=Tix+1 x +1] x°-1 


2 2 
x -l x +1 


-| 4x _ Ax | 4x 
x -1 x 41 P| 


Pert f Ate te 


4x(x +1)- 4x(x-1) " 4x 
(x -1)(x° +1) x'-1 
4x’ +4x—4x° 4). Ax 


x -1 x -1 


— &x A 4x 
x -1 x -1 
8x+4x 
a 
x —l 
_ 12x 
x -1 
it 1 Z 
x -8x Ff WE4AF3T RH AOX+S 
, 1 ] 2 
Solution: —————_- + ————_ - > 
x -8x+15 x —4x4+3 x -—6x+5 
l l 2 
+ ———_—  — 


7 x —8x+15 x —4x43 x —6x4+5 
] 1 2 


~ 3x—5x415 x —3x—Le43 x —5x—-x4+5 

es ee ee 

x(x -3)-5(x-3) x(x-3)-1(x-3) x(x -5)-1(x-5) 
l i 2 

~ 3x3) ODED @-A=D 

- (=D4+@=3)-—25=3) 

 (8-3)(x-S)\(x-D) 


AA k-5-W +f 
(x —3)(x-)(x-1) 
0 


~ (x—3)(x— 5x1) 
=0 


(x+2)(e+3) | (r+ Dx 332) 

x -9 * eae oe) 
(x+2)(x+3) | r+ 2)(2x° —32) 

x —9 "Gaye 6) 
_ (x4 2)(e+3) | (xt 2)(2x° —32) 

x = 9 (x —4)(x" —x-6) 
+203), (x+2)| 2(%° -16) | 
(x) -(3)° Gaye ~3x+2x—6) 


_ (+243) | (#42)| 200)" (4) | 
(x= (x3 5) (x—4)[.x(x—3) + 2(x-3)] 
_ (x42), 02) 20+ 104) | 
(x3) (x=4)(x—3)(547) 


_ (+2) 2(x+4) 


Solution: 


(x-3) (x-3) 
¥4+2 2x+8 
— + 
x-3 x-3 
PLE AST S 
7 x-3 
— 3x+10 
ar 4: 
ee # 1 AX 
2x°+9x4+9 2(2x-3) 4x°-9 
: +3 l 4x 
Solution: = —.————-+ -— 
2x +9x+9 2(2x-3) 4x -9 
_. ro 2 ] Ax 
2x°+9x+9 2(2x-3) 4x°-9 
x+3 | 4x 
=o a ah Ee CAe .. pa 
2x°+6x+3x+9 2(2x-3) (2x) -(3) 
7 K+3 i 4x 
2x(x+3)4+3(x+3) 2(2x-3) (2x-3)(2x+3) 
3) 1 4x 
“Gas 2(2x-3) (2x—3)(2x+3) 
] 4x 


~ 2x + 37 2(2x —3) (2x —3)(2x +3) 
_ 2(2x-3)+(2x+3)—4xx2 
(2x -3)(2x +3) 

2 AB 04 204 3 = 8% 

~-2(2x —3)(2x +3) 


_ a 

~ 2(2x—3)(2x +3) 

___ (2x3) 
ca 3) 2x43) 


~ 2(2x—3) 


atl 
6 Has 2 Where A= 
@ A’ a-l 


Solution: An Whee 
A a-l 
A 
Put the value of A 
atl a- 1 
a-l a+l 


_ (a+) ee 
~ (a-I(atl) 


_a@ +2a+1-(a —2a+1) 


a —l 
_d +A 20h 
a 
_ 4a 
a —1 


x-l 2 x+1 a 
Q.7 — + —— | =| ——_ > 
x-2 2-x x+2 4-x 


x-l | 2 x+l1 4 
Solution: | ——— —+ 
<2 2-x} | x+2 4—x 


-|+ + |- x+1, 
x to 


2 
x-l x+1 
+ —_— 
x-2 i bea -x" wi 


x-1_ 2 + x+l1_ 4 
x-2 x-2 CH? 4 =A 


[2/4 4 | 
“Lo x2 | | x42 (x+2)\(x-2) 
_(#=3) (et Dixv-2)-4 
~(x-2)  (x+2)(x-2) 


_x-3 x -x-2-4 
x—-2 (*+2)(x-2) 
_x-3 x —x-6 
x2 (x—2)(x+2) 
_x-3_ x —3x+2x-6 
x= 2 (x—2)(x+2) 
_x-3  x(x-3)2(x-3) 
x-2 (x-2)(x+2) 
_3-3_(-3)(24?) 
x2 (x-2)( x42) 


0 Ans 


What rational number should be subtracted from 


7 x2+x-6 x-2 
Solution: let required rational number be P(x) 
According to condition 
sala fy ee 
x +x-6 x-2 
2x°+2x-7 x-l 
P(x)= Xx-7 Xx 
x°4+xX-6 x-2 
Oe P27 RHI 
x 43x=2x=6. x=2 
2. 26 t25=7F . 5-1 
x(x+3)-2(x+3) x-2 
— 2x°4+2x-7 x- 


| 
(x+3)(x-2) x-2 


_ 2x” +2x-7-(x-1)(x+3) 
7 (x+3)(x-2) 
_ 2x? + 2x-7-(x? +2x-3) 


(x +3)(x-2) 


_ 2x? +2x-7—x? -2x43 
(x+3)(x—2) 

_ x4 

~ (x+3)(x—2) 

x =2? 

~ (x+3)(x-2) 

(HVE 
Dyer 


[ x+2 
x+3 


0.9 _x +x-6 | x =4 


oe x 9 


. x +x- oe x —4 
Solution: =-— 
x —-x- 6 x 9 


_X +x-6 x —4 


~y _PEF y 9 


_# +3x- 2x- 6. x 2 


x —3x+2x- - x =o 
x+3) (x-2)(x+3) 


re ee ae) 
x—3)+2(x- 3)" (x—3)(x+3) 


—8 es +6x+8 


Solution: 
x 4 x > _Ox4] 


Z x -8 x 46x48 


x —4 x 2x41 


(x) -(2) . x +4x4+2x48 


(x')-(@y x —x-x41 


_(4-2)(x° +2044) : x(x+4)+2(x+4) 
(x-2)(x+2) x(x-1)-1(x-1) 
ica Gaal 
- (x +2x+4)(x-+4) 


 (e-) 


. x —8x 2x—-] x+3 
Q.11 7a > 5 
2x +5x-3 x» +2x+4 x -2x 
x' —8x 2x-1 x43 
Solution: ———_—_—_. —>——_——_—*;> 
2x +5x-3 x +2x+4 x -2x 
x’ =8x 2x1 ¥ 43 
—6 2 0 2 
2x +5x-3 x +2x+4 x -2x 
3 
x(x -8) 2x-1 x+3 
8 
2x +6x-x-3 x +2x+4 x(x—2) 
3 3 
7 x| (x) -(2)'| ,_2xa1 +3 
2x(x+3)-1(x+3) x°+2x4+4 x(x-2) 
X(x<8 (2x54 | _ 
_ ( ? Del . yes 
(2x<T)( +5) a4 x (x2) 
=] Ans 
pay 22 4 


3y -13y+4 6y +y-] 
2y +7y-4 4y-1 


Solution: —, -— 
3y -13y+4 6y +y-l 


_2y +7y-4 | ay 1 

By -13y+4_ 6y +y-1 

_2y" +8y-ly-4 | (2y)) ~(1) 

3y" -12y- yt4- 6y +3y—-2y-1 
_ 2y(y+4)- Wy+4),  (2y-1)(2y+1) 
3y(y-4)-l(y-4)  3y(2y+1)-1(2¥+1) 
_(v+4)Qy-1) 22-27) 
(3y-I)(v-4) (By-1)( 2») 
_(v+4)(22-T) | (32-1) 
(BT)0-4) (2e1) 
_yt4 
A 


0.13 x+y ae a co aed 
x -y° x +y r= y 2+ 
Solution: x at, ey a + 2te 

— ov ep? 


Eee eay a ica cr) 
Eee ce X-Y X+Y 


(x° ee | ea —(x- a 
(x° +3") (x-y)(x 


tear ip a |. eee panel 


md 


(x (x +3") 


oe ore Soe eee ee x +2xy— | 


(x’-y’) (x +’) 


xy 
=z Ans 
x+y 


PERFECT24U.COM Punjab Board 


Q.1 
(i) 


(ii) 


(iii) 


Exercise 6.3 


Use factorization to find the square root of the following expression. 


4x° -12xy+9y 

Solution: 4x° —12xy+9y 

4x? — 1 2xy+9y"=4x" — 6xy — 6xy+9y" 
= 2x(2x-3y)-3y(3x-3y) 

= (2x—3y)(2x-3y) 

4x* -12y+9y =(2x-3y) 

Taking square root on both side 


dx =] 2xyt+9y" =,|[2x = 3y] 


= +(2x -3y) 
— 
4x” 
; | 
Solution: x. —1+—— 
4x” 


~ (7 -2¢0| L]4[L] 
= (99-260) 2 |+] 2] 
Fal 
-|,-1 

PAY 


Taking square root 


* l > l 1 2 
Solution: ie” =i) fy 


_ (2x) -a(F] : »}4( ) 
ie! 


Taking the square root 


lee a te-2y) 
i6 12” 36> 4 6" 


(iv)  4(a+b) —12(a2+b°)+9(a—by 
Solution: 4(a+ 5)’ —12(a2+b°)+9(a—b)’ 
=| 2(a+b)° |-2[2(a +b)][3(@- b)] +[3(a -b)] 
=[2(a+6)-3(a—6)] 
Taking square root 


(a+b) -12(a2+6°)+9(a—by = [2(a +b) -3(a—b)] 


= +[2a+ 2b —3a+36] 
= +(5b-a) 


4x® -12x°y° +9y° 
9x4 4+24x7y"? +1637 
Ax°- 12x y? + Fp° 
9x4 + 24x? y? +16y" 
_ 2x) -22x)Gy')+Gyy 
(3x°) + 2(3x°)(4y")+ (4°) 
7 | 2x° -3y'] 


| 3x° +4y° | 
Taking square root 
4x® -12x°y° +9y° 
9x? +24x°y* +16y* 


3 3 
3x°+4y 


(v) 


Solution: 


iy l 
(vi) [xed -4{x-2], (+0) 
Solution: c 4) -4{x-4}.(4 +0) 
x x 


By adding and substituting 4 


(vii) 


= +5+2-4{s—4) 
x" xX 


= 442-4 x-1)-444 
x B 


=P 4-2-4 xt} +4 
xe x 


(5) Corer 
<i 


[et 4 root 


= rt] 
x 


[es] a(x) +12 
e x 


Solution: 7 =k #] t as cd +) as 
x 


Taking square root 


pers 5 4) xed Jena 
x 


(viii) 


(ix) 


Q.2 
(i) 


(x° +3x4+ 2)(x° +4x+3)(x° + 5+ 6) 

Solution: (x° +3x+ 2)(x° +4x+4 3)(x° +5x+ 6) 

=e +2x+x+ 2|[ x +3x+x+3][ 2° +3x+ 2x +6 | 

= [x(x + 2)+1(x +2)] [x(x +3) +1(x + 3)][ x(x + 3) + 2(% +3)] 
= (x + 2)(x4+1)(% + 3)(% + 1)(%4+3)(44 2) 

=(x+2)V (x41 (x +3/ 

Taking square root 

= f(x? +3x+2)(x? + 4x +3)(x° +5x +6) 


= f(x+2)?(x+1)'(x+3)’ 


= +(x +1)(x+2)(x+3) Ans 


(x? +8x+ 7)(2x° —x-3)(2x° +1 Ix—21) 

Solution: (x° + 8x+7)(2x° —x—3)(2x° +11x-21) 

=(x° +7x+1x+7)(2x° -3x+2x-3)(2x? +14x-3x-21) 
=[(x(xt 7) +1(x+ 7)][ x(2x- x) + 1(2x -3)][(2x(x + 7)-3(x+7)] 
= (x +7)(x +1)(2x -3)(x +1)(x + 7)(2x -3) 

=(x+7)? (x41) (2x-3) 

Taking square root 

= f(x? E8RHT(2X= 2 3)(Qx7 + NL¥- 21) 


= f(x +7)° (x41) (2x-3) 
= +(x+1)(x+7)(2x-3) Ans 


Use division method to find the square root of the following expression. 


Ax? +12xy+9y? +16x+ 24y 416 
Solution: 4x° +12xy+9y° +16x+24y+16 
2x+3y+4 


2x) ax” +12xy +99" +16x+24y +16 


+ Ae” 


4x+3y)12 96 + 99” +16x+24y +16 
+12 yf + 99 
4x +6y +4) 16% 249 +16 
OK + DAV +6 
0 


Square root = +(2x+3y+ 4) 


(ii) = x7 -10x° +37x* —60x +36 
Solution: x’ —10x° +37x° —60x +36 


x —5x46 


¥°) x —10x° +37x" 60x +36 


+3 


2x° —5x) Lox +37x° — 60x +36 
+ Jor +25? 


2x? 10x +6) Jax" + 60F +36 
+20" + 60% + 36 


x 


Square root = +(x —5x+ 6) 


(iii)  9x*—6x°+7x° —2x4+1 
Solution: 9x° —6x° +7x° =2x +1 


3x7 -x+1 


3x") 94 — 6x" +7? -24 +1 


£9408 
6x =x) 4 O20 
+ 64% + TE 
6x 2x41] a" — 26 +f 
tga toe tf 


Square root +(= 3x° —x+ 1) 


(iv) 4425x74+7x° -2x41 


Solution: 4+ 25x —12x—24x° +16x* 


4x? -3x+2 


4x? | Joe —24x° +25? -12x +4 


+o 
Bx 3x) 24 425° 12rd 
+246 +9? 
8x? —6x +2) 16*? — 12% + 
+ 6K +I2K +A 


x 
Square root = +(4x° —3x+2) 
2 Ox Ov 
Gy Soa He = (ue, y+#0) 
US x 
: 2 ‘ 0 “ 
Solution: HOES TON CON Ry 
you» a oe 
ke 
x 


a4 


x 


Square root = {2 —5+ 2) 
y ~ 


VY. Kind the value of k for which the following expressions will become a perfect 


square. 


(i) 4x* —12x° +37x* —42x+k 
Solution: 4x° —12x° +37x° —42x+k 


2 =3x47 


2x? | ae 12x? 37x? 42x +k 


+ 4c* 


4x? ~3x)— Jo +37x? 42x +h 


+J2¥* +93? 
28K — 426 +k 


4x° -—Ox+7 eget aay is 
k-49 
In the case of perfect square remainder is always is equal to zero so 
k — 49=0 
k=49 


(ii) = x? -—4x° +10x° —kx +9 
Solution: x* —4x° +10x° —kx +9 
x? -2x4+3 
=" \ x 4x +10x*—kx +9 


+ x 


2x? 2x) Aa + 10x? — kx +9 


+ Ag +4? 
2x? 4x +3)6x? —kx +9 


~6x" F12x+9 
—kx +12x =0 
In the case of square root remainder is always equal to zero 
~x(k -12) =0 
0 


k-12=— 
=x 


k-12=0 
k=12 


W.4 Hind the value of | and m for which the following expression will be perfect 
square 


(i) x +4x° +16x° +/n+m 
Solution: x* +4x° +16x° +/n+m 
x? +2x+6 


= x? x8 $40 +160" +/x+m 


+x 


2x? + 2x) ae + 16x? + bem 


$46 +4y° 


2x° + 4x +6) Joe + Le+m 
+J2** +24x-36 

In the case of square root remainder is always zero 
(x — 24x), m—36=0 
x(/—24)=0, m=36 Ans 
/- 24-2 

x 
/—24=0 
/=24 Ans 


(ii)  49x*—70x° +109x° +le—m 
Solution: 49x* —70x° +109x* +/x—m 
7x"? —5x+6 


ie ) 49° — 70x" +109x? +/x-—m 


+4967 


14x? —5x)— 70 +109? + lx—m 


= OK + 25x” 


14x? 10x +6) 844° + le —m 
+845" F60x +36 
ix +60x —m —36 
(/+60)x—m—36 
In the case of square root remainder is always equal to zero 
—m—36=0 
—m = 36 
1+60=0 m=-—36 
/=—60 Ans 


Q.5 ‘To make the expression 9x° —12x + 22x° —13x+12 a perfect square 
Solution: 9x" —12x° + 22x° -13x+12 
3x° —2x 43 


=3x) ox —12x° —422x" -13x-+12 


+9e% 
6x? - 2x) Jaf +22¥" ~13x412 
+ 12* +.4y° 


6x? —4x+3)J8x* -13x+12 


+186 F12x+9 
—x+3 
3 is to be added 
3 is to be subtract from it 
3=0 


(i) += 
(ii) —x+ 
(ili) = =—x+ 

3 


Q.1 
(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 


(viii) 


(ix) 


(x) 


(xi) 


Review Exercise 6 


Choose the correct answer. 
H.C.F of pg — pg and pg’ — pg is 


(a) pap -) (b) pa(p-4@) 
(c) pa (p-q) (d) pap -q) 
H.C.F of 5x} and 20x’ y° is 

(a) 5x°y" (b) 20x°y° 

(c) 100x°y° (d) 5xy 

H.C.F of x—2 and x° +x-6 

(a) x? +x-6 (b) x +3 

(c) x-2 (d) x+2 

H.C.F of a +b° and a —ab+b° 

(a) a+b (b) a? —ab+b° 
(c) (a—b) (d) a2 +8? 
H.C.F of x —5x+6 and x°—x-~6.is 

(a) x-3 (b) x+2 

(t)..2° 4 (d) x-2 

H.C.F of a —b’anda’-b is | 

(a) a—b (b) a+b 

(c) a +ab4+B? (d) a’? -ab+b’ 
H.C.F of x? +3x+2,x7+4x+3 and x°+5x+4 is 

(a) x+1 (b) (x+1)(x+2) 
(c) x+3 (d) (x+4)(x+1) 
L.C.M of 15x’, 45xyand 30xyz is 

(a) 90xyz (b) 90x° yz 

(c) 15xvz (d) 15x* yz 
L.C.M of a? +h° and a‘ —5’ is 

(a) a? +b? (b) a? —b? 

(c) a’ -b' (d) a—b 


The product of two algebraic expression is equal to the 
L.C.M 


(a) Sum (b) Difference 
(c) Product (d) Quotitent 
a ] 
Simplif —— + is 
=n 9a°-b° 3a-—b 


of their H.C.F and 


(xii) 


(xiii) 


(xiv) 


(xv) 


(xvi) 


(xvii) 


4a 4a—b 


(a) 


9a? —b° 9a’ —b° 
(c) 4a+b (d) 
Cc io PJ 9, 9. 
' 9a —b 9a —b 
a+5a-14 a+3 
Simplify — x 
a a sge-18 a2 
(a) a+7 (b) a+7 
a 
a—6 a2 
(c) a+3 (a) —2 
¢ 
a—6 a+3 
a-b a@+ab+bh 
Simplify the <=. 
oe ab a +h 
1 l 
a) —— b) —— 
(9) a+b ) a—b 
a—b a+b 
(c) = (d) —— 
a+b a+b 
9 ry \ { s 
Simplify [23 a +|1- = 
Lety J wR, 
x y 
(a) (b) — 
x+y x+y 
Bs x 
(c) — (d) — 
x y 
The square root of a’ —2a+lis 
(a) +(a+1) (by +(a~1) 
(c) a—l (d) a+] 
What should be added to complete the square of x' + 64 ? 
(a) 8x" (b) -8x° 
(c) 16x? (d) 4x? 


| 

4 . 

The square root to x +—>+2 is 
x 


sy el el aye afl 
“’ x 
(c) +{x-4] (d) e{ ¥ ~z 


V.2 


rind the H.C.F of the following by factorization. 


$x* -128,12x* —96 


Solution: 
8x*-128 = 8(x*-16) =8| (x) —(4) | 
eds +4)(x° -4) 
= 2x 2x 2(x? +4)(x+2)(x-2) 
12x° —96 =12(x* -8) 


=(12(x° - 2°) 
=12(x—2)(x" + 2x+ 4) 
2x 2x3(x-2)(x? +2x+4) 
H.C.F = 2x2(x-2) 


=4(x—-2) 


Find the H.C.F of the following by division method y° +3)” —3y 
Solution: y° +3) —3y—9, 
=y+3y’-3y-9 
l 
y+3y*?-8y- 24) 7 + 39 -3y-9 
+ + 39% +8y 424 
Sy+15 
5(y + 3) 
y’ -8 
+ + 3 
“9h —24 


H.C.F = (+3) 


—9,3y? -8y— 


2y. 


Q.5 


Find the L.C.M of the following by factorization. 
12x” —75, 6x’ -13x-—5, 4x? —20x + 25 
Solution: 


12x” — 75 = 3(4x? -25) 


(2x)' -(5)"| 


2 
=! 


6x’ -15x+2x-5 =3x(2x-5)+1(2x-5) 
= (2x —5)(3x+1) 

Ax’? —20x +25 =4x° -10x-10x +25 

= 2x(2x-5)-—5(2x—-5) 

= (2x-5)(2x-5) 
Common factor = (2x-5) 
Non common factor =3(3x+1)(2x—5)2x +5) 
L.C.M = common factorx non common factor 
L.C.M= (2x—5)3(3x+1)(2x+5)(2x—5) 


L.C.M =3(2x+5)(2x-5) (3x+1) 


If H.C.F of x'+3x° +5x° + 26x+56 and x° +2x° —4x° —x+28 isx? +5x+7 find their 
L.C.M. 
Solution: p(x) = x7 +3x° +5x? +26x+56 and g(x) = x1 +2x° -4x*-x+28 
HCF =x? +5x+7, LCM=? 
jon pee A) 
HCE 
(xc +37 + Sx? + 26x +56) x(x" + 2x° — 4x? — x +28) 


a (x? +5x+7) 


x —3x+4 
x 45x47) x4 42x? 4x" — +28 


$x +5x° +7x° 
— 36% -11x —x +28 
F 3x F15x° 21x 
+4" + 206 + 28 
+47 + 20€ + 26 


0 


(i) 


(ii) 


x* —3x+4 


7 (x7 +3x° +5x° + 26x +56) (x7 + 
LCM = 
Xx 


) 
L.C.M =(x*+3x° +5x* + 26x + 56)(x* —3x+ 4) 


Simplify: 
Solution: 


3 3 

Pergxtl] Po 4x-1 
3 

Per ext] Y- +x-1 
3 3 
(xt) ti(xt1) 2 (x-1)41(x-1) 
3 3 
OP +D(x+1) (x=D(? +1) 
_ 3(x-1)-3(x41) 
© (x +1)(x=1)(2° +1) 
94 73763 
© (x=1)(x=1)(x? +1) 
_ —6 7 —6 
© (x41)(x—- (QP +1) (x? -1) (x? +1) 
—6 
a) 
— 6 
(= 


Solution: 


a+b a’—ab 

a-ha —2ab+h 

a+b  — a@ —ab 
2B a —2ab+b 
__atb a = 2ab +b 
a-b a —ab 


ab (a—b) 


(aba) ala6) 


Solution: 


Find the square root by using factorization. G ~ 2 | ~ io» 4 | +27 (x #0). 
e x 


+10{ x4 t|+27 


Solution: (x° +— - 
x x 


= (x7 + : +H10{ x42} +2542 
x” Bo 


oe +eeaeio[s42)+29 
brag x 


-(s+2) +2 x4t]x54(3) 
x x 
-[x+tes 

x 


Taking the square root 


Jxtofxet}s 27 = frstes) 
x x x 
-+[x+t45] 

x 


. ee Ax” 20x 30y 9" 
Find the square roots by using division method. : $—— 515s _ 


y y x x 


Solution: 


4 

+ 2 

4x, 9] 20 13-209 97 
y y x x 


94” 3 
Square root =| 25- | 


y x 


Overview 


Highest Common Factor: 
If two or more algebraic expressions are given then their common factor of highest 
power ts called the H.C.F. of the expression. 


Least Common Multiple(L.C.M): 


The Least common Multiple (L.C.M) is the product of common factors together with 
non-common factors of the given expressions. 


Exercise 7.1 


Q.1 Solve the following equations 


: Zl 1 
i =—x-=xX=xX+— 
®) + 2 6 


: 2 ] l 
Solution: —x-—x=x+-— 
3 2 6 


Ax—3x 6x+l1 
6 6 
= 6 Ot 


x=6x+1 
—-6x+x=] 
—5x=1 

l 
—5 

l 
eS 

= 

To check 


— | 
Substitution x =— . 


3°5 25 5 6 
2, 1 _6t5 
15 10 30 
~2x24+1x3_ -1 

30 ~©~©—«30 
4435 | 
30. «30 
oo 
30 30 


(ii) x-3 x-2 


3 2 
x-3 x-2 
2 
By taking L.C.M 


Solution =-—] 


UR-3)-3(e=2) ; 
6 
2x =6-3%4+6=-6 
—x=-6 
Multiplying both sets by —1 
—|x —x=—1x-6 
x=6 
To check 
xX=3 X¥=Z2_ 
3 2 


=| 


-1=-l 
Solution Set= {6} 


Sas *( =| 2 5.1/1 3] 
(iii) —| x-— |+—=—+-—| —-3x 
2 6) 3 6 3\2 


Solution s(x-Z}42-344 ues 
2 6) 3 6 3\2 


Taking L.C.M of brackets 


{ > 5 (oe) 

== SS — 4 

2. 6 3 6 3\ 2 

6x-1 2 5 1-6x 

+—==+ 

12 3 6 6 

Ox—1+4. 571-67 
12 6 


§(6x+7) 


: =6-6x 
pA 


6x+7 


=6-6x 


6x+7 =2(6-6x) 
6x+7=12-12x 
6x+12x=12-7 
lax=5 

5 


18 
To check 


2 5 “(3 = 
=—S—$—| —=3x x=— 
3 6 3\2 3 


To check 
When x =— > 
18 regea| x2 |-6s 
a 4 2 5 1/1 (=) 3 3 
ae | ee | ee SS —-3 —— 
2|18 6} 3 6 2 18 When x=— 


1} 5-3 
—| —— |+ 
“lca 


B 
1} Z),2.5,2 x 
Z\18| 3 6 3/6 ac allie 
jt a4? 12] 0=2(—1)+2 
18 3 6 313 
1412.5 1 Pics 
ne 0=0 
18 6 9 > 
13 15-2 Solution set-{7} 
18 «18 
13 13 
18 18 
Solution set | (v) 5(x=3) > ee 
18{ = ‘ 
5(x-3 
Solution cl Cae) ee 
6 9 
1 > oe —15=6x% - F=X 
(iv) x+—=2 +2 |-6s 6 9 
2 . =[5=x.. 9=x 
Solution pie a| v2 | 6s 6 9 
? . 9(-15—x) =6(9-x) 
Se -135-9x = 54—6x 
3 3 ~135-54=-6x+9x 
3x+1 6x-4 —189 =3x 
—_= =6x 
3 3 ee 
Taking L.C.M of right side aa 
sc+1_ 6x=—4-—18x x = -—63 
3 3 To check 
Bx+1_(-12x-4) 5(x-3) ._)_* 
B B 6 9 
3x+1=-12x-4 When x = —63 
3x+12x =-4-1 GSE) eee (5) 
15x =—-5 — = a 2 


= 
“1S Es esa147 


-55+63=8 
8=8 
Solution Set = {-63} 


(vi) a ee 
x-6 x-2 
Solution al =2- ze ae 

3x— x-—2 
x _2(x-2)-2x 
3(x-2) = x-2 


x(x—2)=-12(x—-2) 
x(x—2)+12(x-2)=0 
(x-2)(x+12)=0 
x-2=0,0orx+12=0 
x = 2, or'x =—12 


x =2 (Rejected because x #2 ) 


Hence x =-12 
To check 

x _9_ 2x 
3x-6 x-2 
When x=-12 


Solution Set={-12} 


. 5 
(vil) =—- 
2x+5 3 4x+10 
5 
Solution ss " 
+5 3 4x+10 


2x 2(4x+10)—3x5 
2x+5 3(4x+10) 

2x x3(4x +10) 
2x+5 

6xx2( 2x45) 
(2x5) 
12x=Sx-+5 


12x-—8x =5 
“Ay=S 


=8x+5 


x= = 
4 


To check 
2x 2 5 


Ix+5 3 4x+10 


When x= = 
4 


5 

2 2 = 5 
5, 3 54+10 
2 

5 

Ee dae 
5$+10 15 

2 
5 
22 1 
33 
2 
| re ee 
CA a nd 
Zin 8 
1 1 
a 3 


5 
Solution Set= _ 


=8x+20-15 


3x2x+1(x-1) 5(x-1)+2x6 


3(x-1) 6(x-1) 
Ox+x=1  Sx=5412 
3(x-1)  6(x-1) 
7x-1 _ 5x-5+12 
3(x-1)  6(x-1) 

11 AE) 


2(7x-1)=5x+7 


14x-2=5x+7 
14x—5x=4+2 
9x =9 

9 
x=— 

9 
x=! 


No solution because x 1. 


(ix) 7 eee xe] 
x -1] x41 x41 
Solution 2 jb x221 
x°-1 x+1 x41 

a rr ee 
(x-1)(x4+1) x41 x+1 

2-(x-1) 1 

(x-1)(x+1) x41 

2-{x=l) _ 1 

(x-1)(x+1) x41 

5 yy DOD 
(x+1) 

3-x=x-]1 

1+3=x+x 

4=2x 

4 

—=xXx 

2 

y=. 


To check 


2 1_1 
4-13 3 
21/1 
52 
211 
a 2 
11 
33 


Solution Set= {2} 


Zo. 4 7 1 
3x+6 6 2x+4 
Solution ae ! 

3x+6 6 2x+4 
2 = = 1 
3(x42)° 6 242) 
2 et 2=3 


3(x+2) 6(x+2) 


(x) 


3(5)+6 6 2(5)+4 
a | 


15+6 6 10+4 


21 21 
Solution Set = {5} 


Q.2. Check each equation and check (iii) Vx-3-7=0 
for extraneous solution, if any Solution: /x—-3-7=0 


(i) v3x+4=2 Vx—-3=7 
Sclutiont.3c2 240 Taking vat both side 

Taking square on both side ( x-3) ={7)" 

(v3x+4) =(2) x-3=49 

x =49+3 

3x+4=4 y= 52 

3x=4—-4 To check 

— Vx—3-7=0 

x=— When x=52 

= /52-3-7=0 

To check J49 -7=0 

V3x+4=2 i. is 0 

cay LHS=RHS 

¥3(0)+4 = Solution Set = {52} 

V4 =2 

2=2 

L.H.S =R.H.S 

Solution Set= {0} (iv) 2V0+4=5 


Solution: 2V/+4 =5 
Taking square on both side 


(ii)  %/2x-432=0 (2vi44)> =(5) 
Solution: ¥2x—-4—2=0 7 
4(t+4)=25 
2x-4=2 a 
Taking cube on both sides jig S= 
7 3 3 4 
(/2x-4) =(2) 25 
2x-4=8 7." 
2x =8+4 
ay=12 _ 25-16 
_12 : 
2 — 
+=o 4 
To check To check 
¥2x-4-2=0 2Vt+4=5 
When x=6 9 
¥2x—4-2=0 irae 
3/2(6)-4-2=0 
(6) a ee ee 
V12-4-2=0 4 
¥8-2=0 9+16 
iS 2 =5 
2 —-2=0 4 
2-2=0 a5 
v=0 2 25 _« 
L.H.S =R.H.S 4 


Solution Set = {6} 


(v) 


5=5 
L.H.S = R.H.S 


Solution Set = i} 


YIx+3 =4x-2 


Solution: */2x+3 =Vx-—2 


(vi) 


Taking cube on both sides 


(¥2x+3) =(¥e-2) 
2x+3=x-2 
2x-x=-2-3 

x=-5 

To check 


2x43 =%x-2 
When x =-—5 
(= 


L.H.S =R.H.S 
Solution Set= {—5} 


V2-1 =V21-28 


Solution: aa = 3/2 —28 


Taking cube on both sides 


(; 2-1) = (¥21-28) 
2-t=24-28 
24+28=2t+t 

30 =34 

30 _ 
3 
t=10 

To check 

3/2-1 =3/2t-28 

When ¢=10 

2-10 = 3/2(10)—28 
3/_g - 3/20-28 

3 aie = 3 =: 

LHS=RHS 
Solution Set= {10} 


t 


V2t+6-—V21-5=0 


Solution: /2/+6-—~/2/-—5 =0 


V¥2t+6 = J2t-5 


Taking square on both side 


(a8) = (3) 


Solution is not possible 
Solution Set={} org 


x+1 —5 
=2 x4— 
2x+5 2 


Solution: aud =2 esc 
V 2x45 2 


Taking square on both side 


} -@y 


——, 
4 
+ 


2B 
V4=2 
252 
L.HS > RES 


Solution set=| =| 
7 J 


Ql) 
(i) 
(ii) 
(iii) 
(iv) 
(v) 


Q2) 


(ii) 


Exercise 7.2 


Identify the following statements as true or 


\x| = 0 has only one solution 


All absolute value equations have two solutions 
The equation |x| = 2 is equivalent to x = 2 or x = —2 


The equation |x—4| = —4 has no solution 


The equation |2x—3| = 5 is equivalent to2x—3 =5 or 2x+3=5 


|3x-5|=4 
Solution |3x-—5|=4 
3x-5 =+4 
3x-5=4 1¢-5=—4 
3x =44+5 3x =-4+5 
3x=9 3x =1 
9 ] 
x=— ~=— 
3 3 
x=3 
To check To check 
| 
x=3 = 
Fo 
1 
3(3)-5|=4 xd 34 
a 
jp-s|=4 li-5|=4 
4=4 |-4|=4 
4=4 


Solution Set = (3 | 


1 i3y42)-4=11 

2 

Solution —|3x-+2|-4=11 
4 i3e42|-4=11 

2 

digy42ke 1144 

2 


1 i3¢421215 
2 


|3x+2|=2x15 

|3x+2|=30 
3x+2=+30 
3x+2=30 
3x = 30-2 
3x = 28 

28 

x=— 


3 
Check 
dias 9] 4a! 
2 
o) 
15,78 40)-4=11 
2 3 
dingy 2)-4=11 
2 
l 
—x30-4=11 
2 


15-4=1] 
11=11 


*)3242)-4=11 
2 


+ |-30|-4=11 
2 


I 
—(30)-4=11 
se 


Solution Set = ‘=. =| 


3° .3 


(iii) = [2x +5/=11 
Solution |2x+5|=11 


2¥+5=t11 
2x+5=11 
2x=11=5 
2x =6 

6 
x=— 

2 
x=3 


True 
False 
True 
True 
False 


10 CLICOK 
j2x+5]=11 |2(-8)-8+5]=11 
|2x3+5|=11 |-16+5|=11 


6+5 =11 |-11]=11 
1v=1] l1=11 
Solution Set = {-8,3} 


(iv) [3+2x|=|6x-7| 
Solution |3+2x|=|6x—7| 
3+ 2x =+(6x-7) 


342x=6x-7 3+2x =—(6x —7) 
3+7=6x-7 34+2x=-6x+7 
10=4x 2x+6x=7-3 
10 4 
Ls roe 
4 8 
5 I 
x= = x= = 
2 Z 
To check 
[3+ 2x|=|6x -7| [3+2x|=|6x-7| 
5) | a( 5 
34.3] — |=|47] — |- 
fs] : G 
BI =| 5-7 
2; | 2 
3+5]=15-7| [3 +1]=[3-7| 
B= 4l=|—4 
8 =8 4=4 
Solution Set= 3.4} 
22 


(v) = |x+2|-3=5-|x+2| 
Solution |x + 2|—3 =5—|x +2 
|x + 2|+|x+2|=5+3 
2|x+2|=8 


Ix+2|-5 
2 


|x+2|=4 

x+2=44 

x+2=4 x+2=-4 
x=4-2 x=-4-2 
x=2 x=-6 


To check 


[x+2)-3=5-|x+2] [x + 2-3 =5-|x +] 


[2+2)-3=5-2+4 |-6+9-3=5-|6+2 
14-3 =5-|4| |-4|-3=5-|4| 
4-3=5-4 4-3=5-4 


I=] l=1 


Solution Set= {-6,2! 


(vi) sf+3|+21=9 

Solution sh+3/+ 21=9 
*\x+3|=9-21 
zZ 


*lx43]=—12 
2 
|x+3|=-12x2 
|x+3|=-24 


Value of absolute in never negative 
so solution is not possible 


Solution Set= { \ 


a 3-5 1 2 
(vii) P *|--== 
a) PS ) 
3-5 
Solution : i 
3 3 
3-5x| 2 1 
=-—+-—- 
4 3 3 
3=5%) 2+! 
4 3 
3—5x|_ 3 
4 3 
3=5x|_| 
4 
3-9¥ oy 
4 
- a5 
3 3X aa 3 ¥_ 
4 4 
3-5x=4 3-Sx=-4 
—5x=4-3 —-5x=-4-3 


i =F x+5 
x =— x =— =—6 
—5 —5 2-x 
l _7 x+5=-6(2-x) 
x=- x=— 
° 2 x+5=-12+6x 
| 54+12=6x- 
3-5x| -— oe es + x-Xx 
x51) 12 : ate 17 = 5x 
4 2 3 4 cme 17 
7 
3+) 1 2 3-7} 12 gar! 
4 2 3 4 3.43 5 
4| 12 -4| 12 To check 
4} 3 3 4\-3. 3 x +5} _ 
pjt-2 “ 
3 4 1+5 =6 
2-1 
j-1=2 ;-1.2 
3. 3 : a 6] 
3-1 2 3-1 2 I 
3 3 3 3 6= 
2 2 x 2 
2.2 2.2 I -(2!7|=« 
a 3 3° 3 5 
-| 7 
Solution Set = <4 —,— 17+25 10-17 
575 +b | =6 
) 5 
> > 
5 -6] = 
(viii) fae -° i 
2-x 6=6 
Solution 4-6 Solution set= 41,2 | 
KAD 3 se 
X+5 _¢ 
2-x 
x+5=6(2—-x) 
x+5=12-6x 
x+6x=12-5 
ixkeT 
7 
ps 
fj 


x=1 


Exercise 7.3 


Q1) Solve the following inequalities. 


(i) 3x+1<5x-4 

Solution: 3x+1<5x-4 
3x <5x-4-]1 
3x-Sx<-5 
—2x<-5 

Case-I When negative is eliminated from 
both sides of inequality the symbol 
will be change. 

Case-II When negative is transferred from 
variable to constant side, symbol 
will also change. 


—5 
Cr 


x>-— 


5 
Solution Su=/eixs2! 
C2) 


(ii) 4x-10.3<21x-1.8 
Solution: 4x—-10.3<21x-1.8 
4x -—21x<-8.54+10.3 
—-17x<8.5 
When negative value is shifted to 
other side its symbol changes. 


x2-0.5 
Solution Set= {x | x >—0.5} 


ae oe ee 
2 4 


Solution: 4 as ==] + Te 
2 4 


—3x > —-44 
When negative value is shifted the symbol 
changes 
—44 
xs-—— 
—3 
44 


x<— 


3 


44 
Solution Set= {x | x< 7 


(iv) x-—2(5-2x)> 6x-35 
1 
Solution: x—2(5—2x) > 6x “35 
7 
x04 4n2Oxrs 


7 
Sx-6x >-—+10 
2 


—7+20 
—lx > ——— 


13 
—x¥ > —— 


2 
When negative is shifted other side symbol 
changes 


x<-6.5 
Solution Set={x |x <-6.5} 


(v) 3x4+2_2xt+1 | 
9 3 
Solution: poi _ ann >] 
9 3 
3x+2-3(2x+1 
Sere ert 


3x + 2 -6x -3 > -9 
—3x >-9 +] 


wx > —8 


Negative value is shifted to other side its 


symbols changes 


8 
Solution Set = \" lx< | 


(vi) 3(2x+1)—2(2x+5)<5(3x-2) 
Solution: 3(2x+1)—2(2x+5) <5(3x—2) 
6x+3-4x-10<15x-10 
2x-7-15x<-10 
—-13x <-10+7 
—-13x <-3 


The value is negative when shifted to other side 


it changes its symbols 


Solution Set= 4.x |x > 3 
13{ 


(vii) 3(x-1)—(x-2)>-2(x+4) 
Solution: 3(x—1)—(x—2)>-2(x+4) 
3x-3-x+2>-2x-8 


2x-l>-2x-8 
2x+2x>-8+1 
4x>-7 

-—7 
x>— 


| 3 
Solution Set= fi |x > = 


(viii) 2ox+=(5x—4) . -=(8x+ 7) 
: Zz 2 Is 
Solution: 2a xt 3 52-4) > ~ 3 (Bet 7) 


8, 10x-8 . (8x+7) 


3° 3 3 


8x+10x-8 , _bxt7 

3 3 
Multiplying both side by 3 

18x -8 8x+7 

Bx >Z%x 

B B 
18x -8 > —(8x+7) 
18x -8 > -8x-7 
18x +8x > -7+8 
26x > 1 


Solution Set =< x| x > ral 
26 


Q2) Solve the following inequalities 


(i) —-4<3x+5<8 


Solution: —4 <3x+5<8 


-4<3x+5 and 3x+5<8 
—-4-—5<3x 3x <8-5 
—-9 <3x 3x <3 
—9 3 
os x<- 

3 3 
—3<*x x<l 
—3<x<] 


Solution Set={x|-3<x<l1! 


- 4-3x 
ll —5< <l 
(ii) 5 
Solution: $< 
z 4—3x ana 4—3x 
Z 2 
-10<4-3x 4-—3x<2 
3x-10<4 —3x<2-4 
3x <4+10 —3x <2 
3x<14 oo 
—3 
14 
x<— x>- 
3 
—<x 


Z 14 
—<x¥<s— 
3 3 


Solution Set = {x | 5 <x =} 


ey 


(iii) —6< 


x-—2 


Solution: —6 < <6 


—22<x<26 
Solution Set ={x|—22 <x < 26} 


7 
iv 3> =] 
(iv) 5 


Solution: 3 > | 


-l2>-x 

Negative sign change the symbols 

eae 

and 

7-x 
Z 

7-x2>2 

—-x22-7 

—-x2>-5 

5 

l<xs5 

Solution Set={x|1<x <5} 


>1 


(v) 3x-10 <5<x4+3 

Solution 3x—10 <5<x+3 
3x-10<5 and 5-443 
3x = 5+10 5-3<x 
Sc 215 2ex 


Solution Set= {x| 2<x < 5} 


x—4 


<4 


(vi) -3< 


x-4 


Solution —3 < <4 


x<19 
-l16<x<19 
Solution Set= {3 \J-l6<x< 19} 


(vil) 1-2x<5-x<25-6x 
Solution: |-2x <5-x<25-6x 


l=27 25=% and 
5-x<25-6x 
—x¥+6x< 25-5 6x—-—x<20 
1-2x+x<S5 5X = 20 
-x¥<5-] yee? 
5 
—-x<4 x<4 


Due negative sign 
Symbol change 
-4<y 
-4<x<4 
Solution Set= {x -4<x<4} 


(viii) 3x—-2<2x4+1<4x4+17 
Solution: 3x—2 <2x+1<4x+17 


3x-2<2x+1 2x+1<4x+17 
3x-2x-2<+41 2x-4x<17-]1 
x<14+2 —2x<16 


r= 3 


—8<x<3 
Solution Set = {x|-8 <x< 3|} 


Review Exercise 7 


Q.1 Choose the correct answer 
(i) Which of the following is the solution of the inequality 3 — 4x < 11? 


(a) -8 (b) —2 
14 . 
a. (d) None of these 
(ii) A statement involving any of the symbols <, >, <or >, is called------------ 
(a) Equation (b) Identity 
(c) Inequality (d) Linear equation 
(iii) x =------- is a solution of the inequality —z <x - 
(a) —5 (b) 3 
3 
(c) 0 (d) 5 
(iv) If x is no larger than 10, then ---------- 
(a) x <8 (b) x >10 
(c) x<10 (d) x >10 
(v) If the capacity < of an elevator is at most 1600 pounds then ---------- 
(a)c <1600 (b)c => 1600 
(c) c < 1600 (d) c > 1600 
(vi) %x=0 isa solution of the inequality ----------- 
(a) x>0 (b) 3x +5 <0 
(c) r+=<0 (d) x-2<0 


ANSWER KEY 


b c c b c d 


Q.2 Identify the following statement as true or false 


(i) The equation 3x —5 = 7-—v.xis a linear equation. (True) 

(ii) The equation x—0.3x =0.7x is an identity (True) 
(iii) The equation —2x+3=8 is equivalent to -2x=11 (False) 

(iv) To eliminate fractions we multiply each side of an equation by the L.C.M of denominators 

(True) 
(v) 4(x+3)=x+3is a conditional equations (True) 
(vi) The equation 2( 3x+5)=6x+12 is an in consistent equation (True) 
2 2 

(vii) Tosolve a =12, we should multiply each side by “4 (False) 
(viii) Equations having exactly the same solution are called equivalent equations. (True) 


(ix) A solution that does not satisfy the original equation is called extra solution (True) 


U.3 


(i) 
Ans 


(ii) 
Ans 


(a) 
(b) 


(iii) 


Ans 


So 


Or 
Or 


(iv) 


Answer the following short question. 


Define a linear inequality in one variable 
A linear inequality in one variable xis an inequality in which the variable x occurs only to 
the first power and has the standard formax +b <0,a40 


State the trichotomy and transitive properties of in equalities 

Trichotomy Property 

For any a,b € R one and only one of the following statements in true. a< bor a=b,ora>b 
Transitive Property 

Leta,b,ceR. 

If a>bandhb>c,thena>c 

If a<bandd <c,thena<c 


9 
The formula relating degree Fahrenheit to degree Celsius is F= Pi + 32 for what value 
of c is F< O was 


9 
F=—c+ 32 
5 


9 

—c+32=F 
5 

Since F < 0 
9 

—c+32 <0 
5 

oc 
c+160 26 


9c + 160 <0 x 5 
9c + 160 <0 
9c< — 160 


160 
Cs =—— 


Seven times the sum of an integer and 12 is at least 50 and at most 60. Write and solve 
the inequality that expresses this relation ship 


Solution: Let the integer = y 


Sum of integer and 12 = y+12 

Seven times sum of integer and 12 = 7(y+12) 
According to condition 

50 <7(y+12)<60 


50 _,(y+12) _ 60 


7 7 7 
a ase 
7 7 


PA12<y+ WW <2-12 


Q.4 


(i) 


sys 
7 ; ae 
a 
7 = 7 
. 4 24) 
Solution Say 
| 7 


Solve each of the following and check for extraneous solution if any 


V20+4=t-1 


Solution: /2¢+4=~f-1 


(ii) 


Taking square on both side 


(J2r+4) =(vi-1) 
2t+4=1t-1 
2t-t=-1-4 

4=-5 

To check 


V2t+4 = Jt-1 
When t=-—5 
[2(S) btn oA 
rarer re 
a 

L.H.S =R.H.S 
Solution Set= {—5} 


V¥3x—1—2V8-—2x =0 


Solution: /3x—1—2V8—2x =0 


43x -1=2VJ/8-2x 
Taking square on both side 
(V/3x =1) = (2V8-2x) 
3x—1=4(8-2x) 
3x —-1=32-8x 
3x+8x =32+1 
lix=33 
33 
x=— 
11 
x=3 
To check 


V3x—-1-—2V/8-—2x =0 


When x =3 

\3(3)-1 3)-1-2,/8- 8—2(3) =0 
J/9-1-2V8-6 =0 
¥8-22 =0 

2./2 —2,/2 =0 


0=0 
L.H.S = R.H.S 
Solution Set= {3} 


Q.5 Solve for x 


(i) [Bx+14|-2=5x 

Solution: [3x +14|—2=5.x 
[3x+14|=5x+2 
3x+14=+(5x+2) 
3x+14=5x+2 
14-—2=5x—-3x 


To check 
3x+14|—2 

When x =6 

[3(6) +14|-2=5(6) 
foe 
32-5=30 

30 = 30 

Solution Set= {6} 


” i} | 
(ii) —|x-3|—-—|x+2| 
3 2 


. | | 
Solution wel ad lel x+2| 
Br] zz 


3 
2 |¥+2| 
3 [x3 
x+2 2 
= 
x-3 3 


[3(-2 )+14|-2=5 
| 6 +14] 2=-10 
53=.—I6 

= 15 


_+ 


) 


¥+27 2 
<-3 3 
3(x+2)=2(x-3) 
3x+6=2x-6 
3x—2x =-6-6 
x=-12 


To check 


ay Biss ies5l 
3 2 

When x=-12 
19-3424 )-1242) 
3 2 


+45)=4+L-19 

3 | 2 | 
3)-500) 
ses 


and 


Solution Set = {—12,0 


Q.6 


a y4$ 2] 


(i) 3 


1 
Solution =a 5<l 


x 212 


Solution Set= {x |x >12} 


ij See 

Solution —3 < = Z| 

3 1—2x 1—2x 
5 5 


<1] 


¥+2 2 


x—3 3 
3(x+2)=-2(x-3) 
3x+6=-2x+6 


3x+2x=+6-6 
sx = 0 


Spe eee! 
3 2 

when x =0 
19-3124 )042) 

3 2 


| l 
—|—3 =_— 


5 
pe 


Solve the following inequality 


-l><1-2x 1-2x <5 


—15-l<-2x —2x <5-1] 
—16<-2x —2x <4 
—16 

—>x x>— 
—2 —2 
ax x>-—2 
x<8 —2<Xx 

—2<x<8 


Solution Set = {x |—-2 <x <8} 


Unit 7: Linear Equations and Inequalities 


Overvie 


Linear Equation: 
A linear equation in one unknown variable x is an equation of the form ax + b = 0, 


where a,b €R anda #0. 
Example: 
(i) 5x —-3 =0 


] 
fi) —x+18=0 
(ii) a 


Radical equations: 
When the variable in an equation occurs under a radical the equation is called a 


radical equation. 
Example: 


(i) /2x-3-7=0 


Absolute value: 
The absolute value of a real number ‘a’ denoted by lal, is defined as 


ral. if a>0 
a |=a, if a<0 
lo|=6, 
e.g., |o|=0 
|-6| =—(-6) = 6 


Extraneous Roots: 
If the solutions (roots) obtained from the equation does not satisfy the original 
equations are called extraneous roots. 


Linear inequality: 
A linear inequality in one variable x is an inequality in which the variable x occurs 
only to the first power and has the standard form. ax+4<0,a40a,b€ Rwe may 


replace the symbol <by>, <or =also. 


Inconsistent equation: 
An inconsistent equation is that whose solution set is ¢. 


Exercise 8.1 


Determine the quadrant of 
coordinate plane in which the 
following points lies 

P (-4, 3) 

It lies in second — 


& 


ef 


oe 
04.2) 


Sethe Jem 
R (2, 2) 
It lies in first quadrant 


Q.2 


(i) 


S (2, -6) 


Draw the graph of each of the following 


ie. 


re 


The table for the points of equation 


x = 2 is as under 


(ii) x¥=-3 (iv) y=3 
x 
y ed 


The table for the points of equation 


x =-—3 is as under 


PRR aa 
REF Pers éeretia 
EH | hal DOP | lng |X | 


Seerrese “EG 12.0 


- (eM a a al a eet 
—I|1N I| 
l| —aI|N 
a Bs 
ln HEE EEE REE 
Seal i Gas | Oo 
SEREREEE SERRE 


(ix) 


‘tg eet 
ae rat yey 


2x 
Multiply both sides by (—) 


ae) 


CEE eRe 
co ge 
PEE EEE 


(viii) 


(xii) 2x-y=2 


2(-1)-2=-4 


(0) 0-2 


(xiii) x-3y+1=0 >x+1=43y 


at 


pecUaesUDSeuatauPaseuer's | 
PERCE EEE ASE 


in | 
SUPPEU ED. SEEESTE PITT IOPER 


Hee uae 


Q.3 Are the following lines (i) parallel 
to x—avxis (ii) parallel to y— axis 


Solution: 

(i) 2x—-1=3 
2x=3+1] 
ay ad 

4 
x=— 
3: 


(xiv) 3x-—2y+1=0 “ 
x = 2 it is a line parallel to y-axis 


(ii) x+2=-1 

x=-l1-2 

x=-3 it is a line parallel to 
y-axis 


3(1)+1 4 
ye () = 


(iii) 2y+3=2 
2y=2-3 
2y=-l 


y= a is a line _ parallel aay 
tox — axis or 
y=-3x+l 
(iv) x+y=0 m=—3 c= 
x=-y It is neither parallel to 
x—axis nor y— axis (d) 2x-y=7 
2x-7=y 
(vy) 2x-2y=0 Or 
2x=2y y=2x-7 
2y m=2 c=-7 
y= 
2 
<= y 
y=x (e) 3-2x+y=0 
It is neither parallel to x—axis nor ¥ me ma 
y-axis m=2 c=-3 
2x=y+3 
(f) , 
2Xx-3=y 
Q.4 ‘Find the value of m and c of the Or 
following lines by expressing y=2x-3 
them in the form y = mx +c 2S ae33 
Solution: 
(a) 2x+3y>I=0 
3y=-2x+1 
—2x+1 . : 
i= Q.5 Verify whether the following 
3 point lies on the line 2x—y + 1 =0 
y= —2x ras or not 
3 3 
) l Solution: 
camer ae (i) = (2, 3) 
2x—y+1=0 
2(2) —3+1=0 
(b) x-2y=-2 4-34+1=0 
x+2=2y 2400 | 
> . The point does not lie on the 
a line 
2 
Or 
x+2 (ii) (0, 0) 
on 5 2x—y +1=0 
| 2(0) —0+1=0 
y =>—x+—-— 
> 4 0-—0+1=0 
] 140 
hos >* +1 “. The point does not lie on the 
line 


(iii) 


line 


(iv) 


(v) 


1, 1) 

2x—y+1=0 

2(-1)-1+1=0 

—2-1+1=0 

—2#0 

‘. The point does not lie on the 


(2, 5) 
2x—y+1=0 
2(2)—5+1 =) 
4—5+1=0 

0=0 

.. It lies on the line 


(i3) 

2x-—y+1=0 
2(5)-3+1=0 
10—3+1=0 

8 +0 

”. It does not lie-on the line 


Q.1 


(i) 


Ans: 


(ii) 


Ans: 


Exercise 8.2 


Draw the conversion graph between 
liters and gallons using the relation 9 
liters = 2 gallons (approximately) and 
taking liters along horizontal axis and 
gallons along vertical axis from the 
graph read. 

(i) The number of gallons in 18 
liters. 

(ii) The number of liters in 8 
gallons. 

We know 9 liters = 2 gallons 


p 
liters a gallons 


Solution: 


Sl Renesas tient aaiiien titeestiieas’ 


= ee eee 


2 
ow 
x 9 | 18 | 27 
y 2| 4 6 
18 litters=4 gallons 
Scale 
Along X-axis 
3 litters = 1 box 
Along Y-axis 
| gallon = | box 
The number of gallons in 18 liters. 
=4 Gallons 
The number of liters in 8 gallons. 


=36 Liters 


Q.2 


Q.3 


(a) 


On 15-03-2008 the exchange rate 
of Pakistan currency and Saudi 
Riyal was as under 1SRial = 
16.70 rupees 

If Pakistani currency y is an 
expression of S. Riyal x expressed 
under. The rule y = 16.70 x then 
draw the conversion graph between 
these two currencies by taking S. 
riyal along x axis. 

1SR = 16.70 Rupees 

Scale 

Along X-axis 

1 SR =1 box 

Along Y-axis 

Rupees 16.7 = | box 


Sketch the graph of each of the 
following lines. 

x-3y +2 =0 

Miz = 3y 

aa ae 


Pt tt tT tT ee 
LT 
al cel cl calc alc ed ela 
SRE INR 
PRISE VETrewS 
tT tt | Ish Tt ty 


(b) sxe2y-1l=0 
(d) 


ee ae 
CEE 
pt tet tt eg tt Tt tt 


Pt TT Ee ET 
SRR EKER 
SRR EEE 
ett me eth 
PTT | dT | PAN EE 
en ee ee 


an 


——--- FN aE 


(g) 2x+6=0 


Q4 


(i) 


Draw the graph for following 


relations 


One mile =1.6km 
Vszah.Ox 

Scale 

Along x-axis 

1 Big Square = 1 Unit 
Along y-axis 


1 Big Square = 1.6 Units 


(il) ~~ One acre = 0.4 hectare x Pee 
y=0.4x 
) lll 
Mae 0.8 | 1.6 _ 
Scale 
Along x-axis 
| Big Square= 1 Unit 


Along y-axis 
| Big Square = 0.4 Units 


] 
iv 1Rupee = —$ 
(iv) p aE 


Scale 
Along x-axis 
1 Big Square = 1 Unit 


Along y-axis 


Re = l/ ; 
(iii) F=20+32 | Big Square= 16 Units 


9 
7 4h2=a1 
os ol 11213 


7 Neo ~e Xe 


=x10+32=50 


=x15+32=59 


9 
aceasta 


10° = Length of square 
Where value of c = x and value of f= y 


Exercise 8.3 


x+y= 0—(I) 


2x- y+3=0-(Tl) 
From equation I 
from equation 


and 


x y= 2x43 (x,V) 


The point of intersection is a solution set 
Solution Set= {(—1,1)} 


(x,V) 


x yaxtl 
peer [9 


Point of intersection is a solution 


Solution Set= {(-1, 0)} 


Point of intersection is a solution 


—2 4 
Solution Set= 22) 
3 °3 


set 


Point of intersection is a solution 


set 


Solution Set={(0,1)} 


(x,V) 


x 
fl anal 


x 
iad 


y= |-2x y=—x (x,V) 


x 
—_ 


Point of intersection is a solution 


Solution Set= {(1,-1)} 


Review Exercise 8 


Q.1 Choose the correct answer 


(i) = If(x-1,+1)=(0,0), Then (x,y) is 


(a) (1,-1) (b) (-1,1) 

(c) (1,1) (d) (-1,-1) 
(ii) ‘If (x,0)=(0,y) Then(x, y) is 

(a) (0,1) (b) ( 1,0) 

(c) (0,0) (d) (1,1) 
(iii) Point (2,—3) lies in quadrant 

(a) I (b) I 

(c) II (d) IV 
(iv) | Point(—3,—3) lies in quadrant 

(a) | (b) 

(c) Il (d) IV 
(v) If y =2x+1,x =2 Then y is 

(a) 2 (b) 3 

(c) 4 (d) 5 
(vi) Which order pair satisfy the equation y = 2x 

(a) (1,2) (b) (2,1) 

(c) (2,2) (d) (0,1) 

ANSWER KEYS 


Q.2 Identify the following statement as true or false 


7 The point O(0,0) is in quadrant II False 
2. The point p (2,0) lies on x-avis True 
3. The graph of x=-2 is a vertical line True 
4. 3-y =0 is a horizontal line True 
5. The point Q ( -1,2) is in quadrant II True 
6. The point R (-1,-2) is in quadrant IV False 
7, y =x isa line on which origin lies True 
8. The point p (1,1) lies on the line x + y = 0 False 
9, The point S (1,-3) lies in quadrant II False 


10. — The point R (0,1) lien on the x-axis False 


VU.3 Draw the following points on the 


graph paper 


@ (33)=> 
PEEP 


Rh \ t 
4 . H p p Dy ' 


(ii) (-6,4) => 


FREER JcSarka 
5 
REZEEZ) €EERERA 


(iii) (4,-5)=> 


(iv) (5,3) 


] 


(vy) y=-2x+l 


| | | 


=m 
CeCe REE 
NG 


Bore 
= i 


Q.5 Draw the following graph 
(i) y=0.62x 


x y =0.62x 


s 0.62*1= 0.62 
2 


0.62x2= 1.24 


0.62*3= 1.86 


Scale 

Along x-axis 

1 Big Square= 1 Unit 
Along y-axis 

| Big Square = 0.62 Units 


Scale 


Along x-axis 


1 Big Square= 1 Unit 


Along y-axis 


1 Big Square = 2.5 Units 


Point of intersection is a solution set 
Solution Set= {( 6, -2)} 


Point of intersection is a solution set 


3 1) 
Solution Set= J 3 fie Al 


| 


\ 


Point of intersection is a solution set 


Solution Set= {(2.4)} 


Unit 8: Linear Graph & Their A) 


Overvie 


Ordered pair: 
An ordered pair of real numbers x and y is a pair (x,)in which elements are written 


in specific order. 


For example (2,3) ,(—1,—-3) 


Cartesian Plane: 
In plane two mutually perpendicular straight lines are drawn. The lines are called the 
coordinate axes. The point O, where the two lines meet is called origin. This plane is 


called the coordinate plane or the Cartesian plane. 


Abscissa: 


First value of the order pair(x,y) is called abscissa. 


Ordinate: 
Second value of the order pair (x,y) is called ordinate. 
For Example (5,—3) 


5 is abscissa and —3 is an ordinate 


Q.1 


Exercise 9.1 


Find the distance between the 
following pairs of points 


Solution: 


(a) 


(b) 


(c) 


(d) 


A(9,2),B(7,2) 


Distance = ,||x, — xf #1¥— xf 
48|= fr 22h 
|AB|= (-2)° +(0) 


|AB| = V4 


|4B|=2 


A(2,-6), B(3,-6) 


Distance = |x, +x1) t I»: yf 


|4a|= [8-2 +[-6-(-0)) 


4a) = (0) +(-6+6) 


[4B |= i+(0) 
|4B|= V1 


AB =1 


A(-8,1),B(6,1) 


Distance = |x, —X, [ tly, ~Y, i 
[4 B|= y\o—(-8)f + [1-1 

|A B|= /(6+8) +(0) 

|A Bl= J(14y 


|A B\=14 


A(-4, V2),B(-4,-3) 


d=,)/x,-—x] +], -»f 


(e) 


Q.2 


|A B|= y(-4+4y +(-(3+v2)) 
|A B|= (0) +(3+V2) 


J4a|=(3+v2) 
|A Bl=3+ V2 


A(3,-11), B(3,-4) 


d=,)\x,-x +|9,-») 
4 a|= pap +41 
[4.B|= (oy +(-4+11) 
4a\= (yr 


|A B|=7 


A(0,0), B(0,-5) 


ds) dhey—x|+hy, “y | 
[4 B|= yjo—of +|-5—of 


|A B|= J(-5) 
|A B|= V25 


|4 B|=5 


Let ? be the print on x-axis with 
x-coordinate a and QO be the point 
on y-axis with y coordinate b as 
given below. Find the distance 
between P and O 


Solution: 


(i) 


4-94 =7 
P is (9, 0) and Q (0, 7) 


d= Ix, —Xx, [ +|y, —y, [ 


IP Q|=.\Jo-9) +|7-of 


(ii) 


(iii) 


(iv) 


a=2,P=3 
P(2,0),Q(0,3) 


2? 


d= lx, xf +|y,-»| 
IP Q|= ylo-2) +B -9f 
IP O|= y(-2)' +3)’ 


|P Q|=V4+9 
P Ol= vis 


a=-8,b=6 
P(-8,0),0(0,6) 


IP O|= yfo-(-8) +|-of 
IP l= y(8) +(6) 

|P O|= V4 +36 

|P Q|= vi00 


|P Q|=10 


a=-2,b=-3 
P(-2 ,0) ,Q(0,-3) 


ae -y 
d =,||o-(-2)f +|-3-of 
d= (2) +(-3) 


d = V4+9 
d = V3 


|d|= ea, ["+ 


(v) 


(vi) 


P(-9,0),O(0,-4) 


d= ie, -x,/ +|y -»} 


IP O|= ylo-(-9)f +|-4-of 
IP a= y(9) +(-4y 

|P Q|=V81+16 

Pls y97 


Exercise 9.2 


Show whether the points with 


vertices (5,-2),(5,4) and (-4,1) are 


the vertices of equilateral 
triangle or an isosceles triangle 


P(5,-2),0(5,4), R(-4,1) 


Solution: 


We know that the distance formula is 


We have P(5,-2),0(5,4) 


P o= yf5-sf +|4-(2)f 
IP O|= (0) +(4+2) 


pf yA fe 
Hb SER RES 
Lt Sy |) ee 


IP o|= y(6)° 


IP O|- 
O(5,4),R(-4,1) 


lo R|= ]-4—-5f +h -4f 


lO R\=y(-9) +(-3) 
lO R|=V81+9 

jo n- 

IO R|=V9x10 = 3v10 
R(-4,1),P(5,-2) 
RP| =,|5-(-4)[ +|-2-1[ 
RP |=4((5+4) +(33) 


RP| = \(9) +9 


RP| = V81+9 

RP| = 90 

RP| = J9x10 =3V10 
OR |>| PR| 


Two lengths of triangle are equal 


So it is a isosceles triangle 


Q.2 Show whether or not the points 
with vertices (-1,1),(2,-2) and 
(-4,1) form a Square 

Solution: 


P(-1,1)0(5,4) R(2, 


Distance = ,||x,—x| +ly,—-y,[ 


IP O|= Ns—(-1)'|+]4-1F 
IP O|=J[5+1f +3 


-2)S(-4,1) 


iP o|=Ver+9 
P O|=V36+9 
|? O|= 

P O|= v9xs 
IP O|=3V5 


lo R|=,/|2-5f +|-2-4f 


lo R= y(-3) +(6) 
lO R\|= J9+36 

IO R= 

IO R|= 


IQ R\=3V5 


IR s|= 4-2 +12 


IR S|=.|(—6) +(1+2)° = /36+(3) 


|R S|=V36+9 
Rs|- 
S|=V9x5 
IR $|=3V5 


RESREP Ue ee 
Pt tT TT Tt TT TT 
a 
SEGRE ETT eP 
BESRERE! | Ana 
Tt) ler RFE Ze 
qt tt gt —lp 


ERR ABE 
IS Pl=y4—-(-1f +11 
Is P|=f(-4 41) + (0) 
Is Pl=V(3) 


If all the length are same then it 


will be a Square all the length are 
not equal so it is not square. 


P O[=|2 RI=|R S| =|S P| 


Show whether or not the points 
with coordinates (1,3),(4,2) and 
(-2,6) are vertices of a right 


triangle? 


Solution: 
A(1,3), B(4, ial Tad 


|A a —— 
[4 Bl = (3) +(-1) 


|A Bl =V941 


= 2-4 ea 


Bc|= ey +4) 


|B C|= V36+16 

|B C\=V52 

Ic |= 2-1 + )6-3P = (3 +) 
Ic Al=v9+9 

Ic Al= 

By Pythagoras theorem 


(Hyp) =(Base) + (Perp) 


(v52) =(vi8) +(vio) 


52=18+10 

52=28 

Since 52 = 28 

So it not right angle triangle. 


Q.4 Use distance formula to prove 
whether or not the points 
(1,1).(-2,-8) and (4,10) lie on a 
straight line? 


Solution: 
A(1,1), B(—2, -8), C(4,10) 


d= |x; -x/ +|y, —y,) 
4 B| =,/|-2-1f +|-8-1 
[4 B= y(-3) +(-9) 

|A B]=V9+81 

|4 B|= /90 

|A B]=V9x10 

|A B|=3V10 


4 


|B C|=,/(44+2) +(10+8) 
IB C|=y(6) =(18) 

|B C|= ¥36+324 

|B C|=V360 

|B C|= 36x10 

|B C|=6vi0 

[4 C]= 44-1] +|10-1f 
|4 c|=,/(3) +(9)° 


|4 C]=V9+81 


8 C|=[4-(-2) + 0-8) 


|4 c]=V90 

|4 C|=V9x10 

|A C|=3V10 

14 C|+|4 B]=|B C| 
3V10 +310 =6v10 
6V10 =6V10 


It means that they lie on same line 
so they are collinear. 


Q.5 Find K given that point (2, K) is 
equidistance from (3, 7) and (9,1) 
Solution: M/ (2, K ), A(3,7)and B(9,1) 
(3,7) (2,K) (9,1) 
A B 


eo  . , M 

[AM | = |BM| 
2-3) +|K-7/ =,/J9-2) +[1-K/ 
y(-l) +(K-7) = y(7) +-K) 

Taking square on both Side 
(vi +R +49—14K ) =(V49414+K° -2K) 


K* -14K +50=50+K’* —-2K 


K® -14K 350 550 >K%+2K =0 
-12K = 0 

0 

12 

K=6 


Q.6 Use distance formula to verify 
that the points 
A(0,7),B(3,-5),C(-2,15) are 
Collinear. 

Solution: 


d= |x, —x| 4 |», —») 
|A B= ,/|3-0| +|-S—7) 
[4 B[= (3) +(-12)° 

|A B|=V9+144 

4 B|-Vi53 

|A B|= J9x17 


52=18+10 

52=28 

Since 52 = 28 

So it not right angle triangle. 


Q.4 Use distance formula to prove 
whether or not the points 
(1,1),(-2,-8) and (4,10) lie ona 
straight line? 
Solution: 


A(1,1), B(-2, %) (4,10) 


pal eal 
|A Bl = fre, +|-8-I]° 
[4 B[= (3) +(-9) 

|A B|=V9+81 

[4 |= 

|4 B|=V9x10 

|4 Bl = al 


iB cl= 6-2) +10 
|B C|=/(4+2) +(10+8) 

|B C|=,/(6) +(18) 

|B C|=V36 +324 

1B c|= 560 

|B ca = 36x10 

= 6v10 


clang +|lo-1f 
|4 C|=/(3) +(9) 


|4 C|=V9+81 


|A C|=V90 

|4 C|=V9x10 

|4 C|=3V10 

14 C|+|4 | =|B C 
3V10 +3V10 = 6V10 
6V10 =6V10 


It means that they lie on same line 
so they are collinear. 


Q.5 Find K given that point (2, K) is 
equidistance from (3, 7) and (9,1) 
Solution: M/ (2, K ), A(3,7) and B(9,1) 
(3,7) @, ue (9,1) 
A B 
a= 
2-3) +|K-7] =./9-2)° +|1-K/ 


Vly +(K-7) =y(7) +0-KY 


Taking square on both Side 
(i +K +49-14K ) =(49+14+K° -2K) 
K? 14K 750=504.K° —2K 


KR -14K 350 50 >K*+2K = 0 


-12K = 0 


© 


.6 Use distance formula to verify 
that the points 
A(0,7),B(3,-5),C(-2,15) are 


Collinear. 
Solution: 


|4 B|= [3-0] +|-5—7] 
[4 B|= Gy +C12) 


|A B|= V9 +144 
|4 Bl = 153 


|A B)=V9x17 


|4 B|=3V17 


IB C|=,/|-2-3[ +[15-(-5)} 
|B Cl=,/(-5) +1545) 

|B C|=./25+(20) 

|= ¥25 +400 

|B C|= 425 

|B C|= 25x17 

=5V17 

on) Seen 


aa 
sssbsd tact 


Pe 
|A Cl=/(-2) +(8) 
|4 Cl|=V4464 
|4 c|= Jos 
|4 C|=V4x17 
|= 2V17 


S17 40007 = S07 
SIF = Sail? 


L.H.S = R.H.S So 
They lie on same line and they are 


collinear. 


Verify whether or not the points 
(0,0) A( 3,1), B( V3, -1) are 
the vertices of an equilateral 
triangle 


Solution: 


d = |x, -xf +|y, -yf 


jo |= v3 -0f +fo-1f 


lo al=,/(V3) +(-1 
0 |= 
0 4|= 
[0 4|= 


lO Bl= V3 - 
la B= (W3) +(- 1) 
Jo Bl=V3+ 

0 |= 

lO B|=2 


of +|-1-0f 


4l= 8-8] +11) 


|4 B| =,/0+(-2) 
|A Bl= V4 

4 B= 

All the sides are same in length so 
it is equilateral triangle 


Show that the points 
A(-6,-5),B(5,-5),C (5,-8) and 
D(-6,-8) are the vertices of a 


rectangle find the length of its 
diagonals are equal 


Solution: 


d = yix,—x[ +) -y 
A(-6,-5),.B(5,-5) 


|A B| =3V17 

|B C|=4/|-2-3P +[1s-(-3)f 
|B C|=,/25+(20)° 

|B C|=V25+400 

|B C|= 425 

|B eF V25x17 

=5yi7 


|A ce ci 
[4 cl= (2) +8)" 

|4 C|=V4+04 

|4 C|= Vos 

|4 Cl|=V4x17 

|4 C|=2,17 

a8 
3V17 +2V17 =5V17 
5/17 =5V17 


Q.7 


L.H.S = R.H.S So 
They lie on same line and they are 


collinear. 


Verify whether or not the points 


0(0,0) (V3.1), B( 3, -1) are 


the vertices of an equilateral 
triangle 


Solution: 


Q.8 


# = #,—%) +()—» 


I 
lo |= v3 -of +Jo-1 


lo al=,(V3) +(-1Y 
lo l= 
jo Al= 
lo A|= 


lo B[= 3 -of +-1-of 


laBley(x3) ay 
|O B|= 

lO Bl= 

lO Bl= 


2 
|4 B|= 4-8] +11 
|A B|=,/0+(-2) 
|4 B|= V4 
4 a- 
All the sides are same in length so 
it is equilateral triangle 


Show that the points 
A(-6,-5), B(5,-5),C(5,-8) and 
D(-6,-8) are the vertices of a 


rectangle find the length of its 
diagonals are equal 


Solution: 


A(-6,-5), B(5,-5) 


P(1,3) 


Recognition of the midpoint 
formula for any two points in the 
plane 


Let P(x, y)and P,(x,,y,) be any 
two points in the plane and 
R(x,y) be midpoint of point Pi 


and P2 on the line segment P)P2 as 
shown in the figure. 


If the line segment MN, parallel to 
x-axis has its midpoint R(x, y) , 
then, %;—-x =7-x, 
x, + x, =X¥+xX 
X, +X, 
2x=x,+x,> x= 


Similarly, y = ari 


Thus the point R (x, y) 
pS Leh) fa thes 

2 2 
midpoint of the points 7 (x,, y,) and 
P, (x,, 2) 
Verification of the midpoint 
formula 


2a (tm Bay 
2 


x, +x, +2x, ) rn c + Y,—2y, ) 
1 2 


i 


(x, — X, y = (y, -y,) 


=>|P,R 


] 
=|AR|= RR 
Thus it verifies that 
p( 222 2222) icthemddpatid 


of the line segment P;RP2 which 
lies on the line segment since 


r+ [PR = [RP 


Q.1 


Exercise 9.3 


Find the midpoint of the line 
Segments joining each of the 
following pairs of points 


Solution: 


(a) 


(b) 


(c) 


(d) 


A(9,2),B(7,2) 


Let M (x,y) the midpoint of AB 


_{% +X Yi ty, 
(x9)=( . & 


Midpoint formula 
OTs 22 
M(x, v)=M | —,— 
(.y) ( 2 2 


A(2,-6),'B(3)-6) 
Let M (x, y) the point of AB 


xX, +X, pare 
Sis es 2 


Midpoint ak 


2+3 -6-6 
M(xy)=M 2S 8 


M (x,y) =M a 
M(x, y)=M(2.5,-6) 


A(-8,1), B(6 ,1) 
Let M(x, y) midpoint of AB 


co)a (ge) 


Formula 


M(s9)=M( 


—8+6 =) 
2 ~2 
Z 4 
M(x,y)=M| —,— 
(9) FF 
M (x,y) =M(-1,1) 
A(-4,9), B(-4, -3) 


(e) 


(f) 


Q.2 


Let M (x,y) midpoint of AB 


(x, y)= aS a ) Formula 


M(x. y=u( >) 


2° 9 
M(x, y)= u( a 


M (x, y)=M (-4,3) 


A(3,11), B(3,-4) 
Let M(x, y) is the midpoint of AB 
¥,+%, Wty, 
M(x, y)-| 2. 4 
(7) [ 2 2 
3+3 a) 
2° 2 


M (x,y) =M (3,-7.5) 


A (0, 0), B (0, -5) 
Let M(x.) is the midpoint of AB 


(x al 5 +X, Y, 22 
, ( ; 


2 2 


The end point of line segment ?O 
is(—3,6) and its midpoint is (5,8) 
find the coordinates of the end 
point O 


Solution: 


P 
(-3,6) 


M Q 
(5,8) (x,y) 
Let Q be the point (x,y), (5,8) is 
the midpoint of PQ 


X+% WAS, 
M(x, y)=[AEB AE 


Hence point Q is (13,10) 


Q.3 Prove that midpoint of the 
hypotenuse of a right triangle is 
equidistance from it three vertices 
P(-2,5),Q(1,3) and R(-1,0) 

Solution: 


_ | SED MEV? 
con (BR 


d= 12; ~ x, - ly -y| 
P(-2,5),Q(1,3) 

|P O|= j[-2-1f +|5—-3[ 
IP O|= y(3Y + (2) 


IP O|=V9+4 
P Ql=vi3 
O(1,3),R(-L0) 


2 R|= yl-Cayf +B-of 
lO R[= y+) +3)" 

jo R|= (2) +9 = V49 
lO R|=v13 
P(-2,5),R(-1,0) 

IP R|= -2-(-0f +5-of 
|P R] = J|-241]° +5] 


(i) 


|P R|=(-1) +(5) = V4 25 

|P R| = V26 

To find the length of hypotenuse 
and whether it is right angle 
triangle we use the Pythagoras 
theorem 

(PR) =(PQ) +(ORY 


(v26) =(vis) +(vi3) 

26 = 13 + 13 

26 = 26 

It is a right angle triangle and PR is 
hypotenuse 

P(-2,5),R(-10) 

Midpoint of PR 


—2-1 5+0 
M(x, y)=| ——,— 
(x9) ( 2° 2 
35 
M (x,y) = ea 
MP =MR 


—3 § 
M| —.— |. P(-—2.5).R(-190 
[=.3), (-2,5), R(-1,0) 


|MP| = |Ma| 


P| - 125 _ [1+25 
4 4 4 
\Mp|= |= 
4 
pj = 26 


(iii) u( 3.5) 


2 

_ [25 1_ [26 

— _— s+ —_ — 
4-4 V4 


Hence proved MP = MR=|MO| 


Q.4 If O(0,0),A(3, 0)and B(3,5)are 


three points in the plane find My 
and M2 as the midpoint of the 
line segments 4B and OB 


respectively 


Solution: 
M, is the midpoint of AB 


na tes)em 2 A) 
A(3,0),B(3,5) 


“(2 ==) 


3 


2 2 


M 
M, is the midpoint of OB 
M 


X+xX, V+y> 
2 a 


mae= [3 S$) 
21 V2 9 35 
<6) 2 

IMM, “255 +(0) 


Q.5 Show that the diagonals of the 
parallelogram having vertices 


A(1,2),B(4,2),C (-1,-3) and 
D(-4,-3) bisect each other. 


Solution: 
ABCD is parallelogram which 
vertices are 


A(1,2),B(4,2),C (-1,-3) D(-4, -3) 
Let BDand AC the diagonals of 
parallelogram they intersect at point 
M 


A(1,2),C(-1,-3) midpoint of AC 
Midpoint formula 


M, (x.y) -(7 TX, Pe = 


2 2 


M, (x,y) =M, (+) 
Misia) m(> ayer, 


Midpoint of BD , 


2 
At. 23 
M, =(,|——— 
“ ¥) { 2 2 
0 -l 
M, ‘ =A, a ae 
(sy) {5 =) 


DACA 
SH 


As M, and M, Coincide the 


diagonals of the parallelogram bisect 
each other. 


nM 
la 
aha 


aca eee 


M2 the os of PR is 
P(4,6),Q(-8,+2) 


M,(xy)=M( 43 ee 


g* 2 


-4 8 
M, (x,y) =M, (5) 
M, (x,y) =M,(-2,4) 


M,(-2.4) 


Q.6 = The vertices of a triangle are ,M,| = Ls 6 2) % a4 if 


P(4,6),O(—2,-4) and R(-8, 2). 


Show that the length of the line aAA|= 8) +8) 

segment joining the midpoints of |M.M,|=V9+25 

the line segments PR,OR is = /34 

1 ———= 

a IP O|=,/4+2) +|o+4/ 
Solution: | | | [Pp O| - \(6) +(10)° = 36+100 


M, the midpoint of OR is 


Q(-2,-4),R(-8,2) P Q|= 


|P O|=V4x34 


|P Q|=2v34 
POl_ Bg 
2 
OR 
s|rol=v34 


Hence we proved that 


[M.M,|=—|PO 
2 


Q.1 
(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


Q.2 
(i) 

(ii) 
(iii) 
(iv) 
(v) 

(vi) 


(vii) 


Review Exercise 9 


Choose the Correct answer 


Distance between point (0 , 0) and (1, 1) is 


(a) 0 (b) | 

(c) 2 (d) V2 

Distance between the point (1, 0) and (0,1) is 

(a) 0 (b) 1 

(c) V2 (d) 2 

Midpoint of the (2, 2) and (0, 0) is 

(a) (1, 1) (b) (1, 9) 

(c) (0, 1) (d) (-1, -1) 

Midpoint of the points (2, -2) and (-2 , 2) is 

(a) (2, 2) (b) (-2, -2) 

(c) (0, 0) (d) (1, 1) 

A triangle having all sides equal is called 

(a) Isosceles (b) Scalene 

(c) Equilateral (d) None of these 

A triangle having all sides different is called 

(a) Isosceles (b) Scalene 

(c) Equilateral (d) None of these 
ANSWER KEYS 


Answer the following which is true and which is false 

A line has two end points 

A line segment has one end point 

A triangle is formed by the three collinear points 

Each side of triangle has two collinear vertices. 

The end points of each side of a rectangle are Collinear 

All the points that lie on the x-axis are Collinear 

Origin is the only point Collinear with the points of both axis separately 


(False) 
(False) 
(False) 
(True) 
(True) 
(True) 
(True) 


we a aiid the distance between the Q.4 ‘Find the midpoint between 


following pairs of points following pairs of points 
Solution: Solution: 
(i) (6,3)(3,-3) (i) (6.6).(4.-2) 


A(6,3), B(3,-3) 


2 2 
d= x. —x| +|y,-»| 


+4 6-2 

M(x,y)=M| -—=,-— 

‘4 B|= [o—6f +|-3-3f (9) ( 5 
é& 


2 2 10 4 
[4 Bl= (3) +(-6y M(xy)=M[ 2.5) 
[4 B[= V9 +36 M(x,y)=M(5,2) 
|4 B|= 45 
|4 B\= V9x5 . 
a (ii) (-5,-7),(-7,-5) 

|4 B|=3V5 Y+xX, yt) 

M(x y) Ml 1 _ 1 

2 2 
Gi) (7,5),(1,-1) WG ot) 
A(7,5),B(1,-1) 
d= jx, -x] +ly.-»] 2° 2 
L4 |= f7=1F =p iffae Board 
|A B|= (6) +(5+1) (8,0),( 
(iii) (8,0), (0,-12 
|A B| = 36 +(6) = 36 +36 M(xy)=o( Bt 249% 
A B|= V72 = V36x2 ms z 9 
|4 B|=6v2 M(x y=o(S2 oY) 
, o* 2 
8 -12 
(iii) — (0,0),(-4,-3) MY )=m( 5.) 

A(0,0), B(—4,-3) M(x,y)=M(4,-6) 
d= |x, x +|y, -»,) 
|4 BI ~ yle —4y + 0 -(-3)[ Q.5 _ Define the following 
\A a|= (-4¥ +3) Solution: 
|4 B = J16+9 (i) Co-ordinate Geometry:- 

Co-ordinate geometry is the study 

Ga 

|4 B| = V25 of geometrical shapes in the 
| A Bl =5 Cartesian plane (or coordinate 


plane) 


Vy 


(iii) 


(iv) 


(v) 


(vi) 


colimear:- 

Two or more than two _ points 
which lie on the same straight line 
are called collinear points with 
respect to that line. 


Non- Collinear:- 
The points which do not lie on the 
same straight line are called non- 


collinear. 


Equilateral Triangle:- 
If the length of all three sides of a 
triangle are same then the triangle 


is called an equilateral triangle. 


2cm/ — -\ 2em 


B Jem C 


AABC is an equilateral triangle. 


Scalene Triangle:- 
A triangle is called a_ scalene 
triangle if measure of all sides are 


different. 


a fom B 
AABC is a Scalene triangle. 


Isosceles Triangle:- 
An isosceles triangles is a triangle 
which has two of its sides with 
equal length while the third side 
has different length. 


3c 38cm 


B rm C 
AABC is an isosceles triangle 


(vii) Right Triangle:- 
A triangle in which one of the 
angles has measure equal to 90° is 


called a right triangle. 
A 


Cc B 
AABC is a right angled triangle. 


(viii) Square:- 
A Square is closed figure formed 
by four non- collinear points such 
that lengths of all sides are equal 


and measure of each angles is 90°. 
A_ 22cm B 


2cem 2cm 


C 22cm D 
ABCD is a square. 


nit 9: Introduction to Coordinate Geometr 


Overvie 


Coordinate Geometry: 
The study of geometrical shapes in a plane is called plane geometry. Coordinate 


geometry is the study of geometrical shapes in the Cartesian plane (coordinate plane). 


Collinear Points: 
Two or more than two points which lie on the same straight line are called collinear 
points with respect to that line. 


Non-collinear points: 
Tow or more points which does not lie on the same straight line are called non- 


collinear points. 


Equilateral Triangle: 
If the lengths of all the three sides of a triangle are same, then the triangle is called an 


equilateral triangle. 


An Isosceles Triangle: 
An isosceles triangle PQR is a triangle which has two of its sides with equal length 


while the third side has a different length. 


Right Angle Triangle 
A triangle in which one of the angles has measure equal to 90° is called a right angle 


triangle. 


Scalene Triangle:- 
A triangle is called a scalene triangle if measure of all sides are different. 


Square:- 
A Square is closed figure formed by four non- collinear points such that lengths of all 
sides are equal and measure of each angles is 90°. 


Rectangle 
A figure formed in the plane by four non-collinear points is called a rectangle if, 
(i) Its opposite sides are equal in length 


(ii) The angle at each vertex is of measure 90° 


Parallelogram 
A figure formed by four non-collinear points in the plane 1s called a parallelogram if 
(1) Its opposite sides are of equal length 
(ii) —_Its opposite sides are parallel 
(iii) | Meausre of none of the angles is 90°. 


Finding distance between two points. 


L(x, ;0) 
—> 


‘i 


M(x,.0) X& 


Let P(x.) and O(x,,y,) be two points in the coordinate plane where d is the 
P O| =d 

The line segments MQ and LP parallel to y-axis meet x-axis at point M and L 
respectively with coordinates M(x2 , 0) and L (x1 , 0) 

The line segment PN is parallel to 

X-aXiS 

In the right triangle PNQ [vo] =|y,—y,| and PN =|x, -—%,| 

Using Pythagoras theorem 

(PQ) =(PN) +(oN) 

d’* = %-%| +ly,—¥) 


Taking under root on both side 


length of the line segment PQ ie, 


x, — x) ly, 7 yl 


d = y[x)—xf +),—»[ 
Since d > 0 always 


Q.1 


Exercise 10.1 


In the given figure 
2 and AB = CB 
Prove that 


AABD = ACBE 
B 
| D 
A ( 

Proof 
In AABD <> ACBE 

AB =CB Given 
“BAD = 2BCE Given 41 = 72 
ZABD = ZCBE | Common 
AABD = ACBE |S AA=S.AA 


From a point on the bisector of an angle, 
perpendiculars are drawn to the arms of the 
angle. Prove that these perpendiculars are equal 


in measure. 
Given 
BD is bisector of ~ABC. P is point on BD and PL B a 


are PM are perpendicular to AB and CB 


respectively 


To prove 

PL= PM 

Proof 

Statements Reasons 

In ABLP <> ABMP 
BP =BP Common 
ZBLP = ZBMP Each right angle (given) 
ZLBP = “MBP Given BDis bisector of angle B 

‘, ABLP = ABMP SAA=S.AA 
So PL= PM : ar sides of congruent 


Q.3 = Ina triangle ABC, the bisects of 7B and 7C meet 
in point I prove that I is equidistant from the three 
sides by AABC 
Given 
In AABC, the bisector of 7B and ZC meet at I and 
IL, IM, and INare perpendiculars to the three sides 
of AABC. 

To prove 
IL= IM= IN 
Proof 


In AILB <> AIMB 
BI =BI 


Common 


ZIBL = ZIBM Given BI is bisector of 7B 
ZILB = ZIMB Given each angle is rights angles 
AILB = AIMB SAA=S.A.A 

*, IL2IM (1) Corresponding sides of = A’s 
Similarly 

AIAC = AINC 

50 Ibe tN — Corresponding sides of = As 
from (i) and (11) 

IL= IM= IN 

. Lis equidistant from the three sides of 

AABC. 


Theorem 10.1.2 
If two angles of a triangles are congruent then the sides opposite to them are also 
congruent A 
Given 
In AABC, ZB = ZC 
To prove 
AB: = AC 
Construction 


Draw the bisector of 7A, meeting BC at point D D 
Proof 


Reasons 


Statements 


In AABD < AACD 

AD =AD Common 

én = 76 Given 

ZBAD = ZCAD Construction 
AABD = AACD SAAS. AA 


Hence AB = AC (Corresponding sides of congruent triangles ) 


Example 1 


If one angle of a right triangle is of 30°, the hypotenuse is twice as long as the side 


opposite to the angle. 

Given 

In AABC,m/B=902 and mC = 30° 
To prove 

mAC=2mAB 


Constructions 
At, B construct “CBD of 30° 


Let BD cut AC at the point D. 
Proof 


In AABD,m4 A=60° 

mZABD=m2 ABC, mCBD=60° 

“. mADB = 60° 

.. AABD is equilateral 

-.AB=BD=CD 

In ABCD,BD = CD 

ThusmAC =mAD 4 | 

=mAB+mAB 
= 2(m AB) | | 


Example 2 


mZABC=90°,mZC = 30° 

m2ZABC = 90°, mZCBD = 30° 

Sum of measures of Zs of a A is 180° 
Each of its angles is equal to 60° 
Sides of equilateral A 


ZC = ZCBD (each of 30), 


| AD= ABandCD = BD = AB 


If the bisector of an angle of a triangle bisects the side opposite to 


it, the triangle is isosceles. 
Given 


In AABC.AD bisect.7A and BD = CD 


To prove 


AB= AC 
Construction 


Produce AD to E., and take ED = AD 


Joint C to F 
Proof 
Statements 

InAADB & EDC 
AD = ED 
YADB = ZEDC 
BD=CD 
“, AADB = AEDC 


. AB = EC...(i) 

and 7BAD = “E 

But ZBAD = ZCAD 

“. ZE=ZCAD 

In AACE, AC = EC ...(ii) 
Hence AB = AC 


Reasons 


Construction 

Vertical angles 

Given 

S.A.S. Postulate 
Corresponding sides 
Corresponding angles 
Given 

Each= ZBAD 

ZE= ZCAD (proved) 


From (1) and (ii) 


Exercise 10.2 


Prove that any two medians of an equilateral triangle A 

are equal in measure. 

Given 

In AABC, AB = AC and M is midpoint of BC 

To prove = _ 

AM bisects 7A and AM is perpendicular to BC 

Proof B C 

M 

Statements Reasons 

In AABM < AACM 

AB =AC Given 

BM = CM Given M is midpoint of BC 

AM = AM Common 

“. AABM = AACM S.S.S = 58.8.8 

So ZBAM = ZCAM Corresponding angles of congruents triangle 


mZAMB + mZAMC = 180° 
*. mZAMB = mZAMC 
ie AMis perpendicular to BC 


Prove that a point which is equidistant from the end points of a line segment, is 
on the right bisector of line segment 


Given C 

ABis line segment. The point C is such that CA= CB 

To prove _ 

Point C lies on the right bisector of AB 

Construction __ ee 

(i) Take P as midpoint of ABi.e. AP = BP 

(ii) Joint point C to A, P, B A B 
Proof: P 


Statements Reasons 
In AABC 
CA =CB Given 
Corresponding angles of 


ZA= ZB : 
congruent triangles 


A CBP <— ACAP 

CB=CA 

ACAP = ACBP S.AS=S.AS 
“~ Z1=272 
mZ1+mZ2 = 180° 
Thus m 41 = mZ2 = 90 


Adjacent angles on one side 
of a line 


Hence CP is right bisector of AB and point C lies 
onCB 


Theorem 10.1.3 


In a correspondence of two triangles if three sides of one triangle are congruent to the 
corresponding three sides of the other. Then the two triangles are congruent (S.S.S = S.S.S) 


A D 


Given: 


In AABC <> ADEF 


AB = DE. BC = EF andCA = FD 


To prove 
AABC = ADEF 


Construction 


Suppose that in ADEF the side EF is not smaller than any of the remaining two sides. On 
EF construct a AMEF tn which, ~FEM = 4B and ME = AB. Join D and M. as shown tn 
the above figures we label some of the angles as 1, 2, 3, and 4 


Proof: 


Statements Reasons 


In AABC <> AMEF 


BC =EF 

ZB = ZFEM 

AB = ME 

, AABC = AMEF 


and CA =~ FM (1) 


also CA =FD (ii) 


”. FM = FD 

In AFDM 

Z2=Z4 (iti) 

Similarly 71 = 73 (iv) 


.m/42+m41=m/44+m2Z43 
“. mZEDF = mZEMF 

Now in ADEF <> AMEF 
FD=FM 

and mZEDF = ZEMF 

DE = ME 

. ADEF = AMEF 

also AABC = AMEF 

Hence AABC = ADEF 


Given 
Construction 
Construction 


S.A.S Postulate 
(Corresponding sides of 
congruent triangles) 
Given 


{ From (i) and (ii) } 


FM = FD (proved) 


{ from (iii) and iv } 


Proved 
Proved 
Each one = AB 
S.A.S postulates 
Proved 


Each A = AMEF (proved) 


Example 1 

If two isosceles triangles are formed on the same side of their common base, the line 
through their vertices would be the right bisector of their common base. 

Given 


AABC and ADBC formed on the same side of BA such that 
BA= AC,DB ~ DC, AD meets BC at E. 


To prove 
BE =CE.AE 1 BC 
Proof 


Statements Reasons 


In AADB <> AADC 

AB= AC Given 

DB= DC Given 

AD= AD Common 

”, AADB = AADC S.SS9=-8/S'5 

PSL ee Corresponding angles of = As 
In AABE <— AACE 

AB= AC Given 

Z1= 22 Proved 

AABE = AACE S.A.S postulate 

AE =AE Common 

+ BE=CE Corresponding sides of = As 
£3= 24 Corresponding angles of = As 
mZ3+mZ4 = 180° Supplementary angles postulate 
mZ3=mnZ4 = 90° From | and II 

Hence AE | BC 


Q.2 


Exercise 10.3 


In the figure, 4B = DC, AD = BC prove that 7A = 7C, ZABC = ZADC 


Given 


In the figure AB = DC, AD = BC 


To prove 
ZA=ZC 
ZABC = ZADC 
Proof 


Statements Reasons 


In AABD < ACDB 
AB =DC 


AD = BC 

BD =~ BD 

AABD = ACDB 
Hence ZA = ZC 

Z1=2Z3 

/2= 24 


orm ZABGC=m4ZADG 
#ZABC = LADCG 


Given 
Given 
Common 


S.S.S=S.S.S 

Corresponding angles of congruent triangles 
Corresponding angles of congruent triangles 
Corresponding angles of congruent triangles 


mZ1+mZ2=mz3+mZ4 


In the figure LN = MP , MN = LP prove that ZN = ZP, ZNML = ZPLM 


Given 
In the figure 


N 


LN =MP and LP = MN 


To prove 


ZN= ZP and ZNML = “PLM 


Proof 
Statements 
ALMN <> AMLP 


LN =MP 
LP = MN 
LM = ML 
ALMN = AMLP 
WN =.2P 
ZNML = ZPLM 


Reasons 


Given 
Given 
Common 


S.S.S=8.8.S 
Corresponding angles of congruent triangles 
Corresponding angles of congruent triangles 


M 


Q.3. Prove that median bisecting the base of an isosceles triangle bisects the vertex 


angle and it is perpendicular to the base 


A 
Given 
AABC ak 
(i) | AB=AC 
(ii) Point Pis mid point of BCie: BP =CP J 
P is joined to A, ie. AP is median B a c 
To prove 
21s ee 
AP | BC 
Proof 
AABP <> AACP 
AB= AC Given 
BP=CP Given 
AP = AP Common 
AABP = AACP S.S.8 = 8:8.8 
Z1=22 Corresponding angles of congruent triangles 
#52 FA (i) 
mZ3 +mZ4,=180° (ii) | Corresponding, angles of congruent triangles 
Thus mZ3 = m24 = 90 
-- AP | BC From equation (i) and (ii) 


Theorem 10.1.4 


If in the corresponding of the two right angled triangles, the hypotenuse and one side 
of one triangle are congruent to the hypotenuse and the corresponding side of the 
other them the triangles are congruent (H.S = H.S) 


A 


B 


Given 
AABC <> ADEF 


ZB= ZE (right angles) 


CA= FD, AB =DE 
To Prove 
AABC = ADEF 


Construction 


Prove FE to a point M such that EM = BC and join the point D and M 
Proof 


Statements Reasons 
mZDEF + ZDEM= 180° _(i) Supplementary angles 
Now m ZDEF = 90° (ii) Given 
“.mZDEM = 90° { from (i) and (il) } 
In AABC <> ADEM 
BC = EM Construction 
ZABC = ZDEM (Each angle equal to 90°) 
AB = DE Given 
AABC = ADEM SAS postulate 
ad ZC = ZM Corresponding angles of congruent triangles 
CA ~ MD Corresponding sides of congruent triangles 
ButCA = FD Given 
MD = FD Each is congruent toCA 
In DMF 
ZF =2M. MD = FD (proved) 
ButZC = 72M (Proved) 
ZC= ZF Each is congruent to 7M 
Given 
ZABC = ZDEF Given 
AB = DE (Proved) 
Hence AABC = ADEF (S.A.A = S.A.A) 
Example 
If perpendiculars from two vertices of a triangle to the opposite A 
sides are congruent, then the triangle is isosceles. 
Given 
In AABC, BD 1 AC,CE L AB 
Such that BD=CE E D 
To prove 
AB= AC 
Proof B 


Statements Reasons 
In ABCD © ACBC 


ZBDC=2BEC BD | AC, CE | AB given — each angle =90° 
BC=BC Common hypotenuse 


BD =CE Given 

ABCD=ACBE HS$=H'S 

ZBCA=ZCBE Corresponding angles As 
Thus ZBCA=/CBA 

Hence AB=AC In AABC, ZBCA=4CBA 


Q. 


Q2 


Given: 


In APAB 


PO 1 ABand PA = PB 


To prove 


Exercise 10.4 


1 In APAB of figure PO | ABand PA = PB prove that AO = BO and ZAPQ =/BPQ 


P 


AO = BO and ZAPO = ZBPO A 0 


Proof 


Statements 
In AAPQ <& ABPQ 


PA =PB 

ZAQP = ZBQP 
PQ = PQ 

. AAPQ = ABPQ 
So AQ = BQ 

and ZAPQ = ZBPQ 


Reasons 


Given 

Given PO | AB 

Common 

H.S=H.S 

Corresponding sides of congruent triangles 


Corresponding angles of congruent triangles 


In the figure mC = mZD = 90° and BC = AD prove that AC = BD and “BAC = 


ZABD 
Given 


In the figure given mZC = mZD = 90° 


BC = AD 

To Prove 

AC =BD 
ZBAC = ZABD 
Proof 


Statements 
In AABD < ABAC 


AD =BC 

ZD= ZC 

AB = BA 

Thus AABD = ABAC 
fe Mes BD 

.. ZBAC = ZABD 


Reasons 


Given 
Each 90° 


Common 


H-S = H-S 


Corresponding sides of congruent triangles 


Corresponding angles of congruent triangles 


In the figure, mB = m2ZD = 90° and AD=BC prove that ABCD is a rectangle 
Given 

In the figure 

mZB=mZD 90° and AD = BC 
To prove 

ABCD 1s a rectangle 
Construction 

Join A to C 


Proof 
Statements Reasons 

In AABC <> ACDA 
ZB = ZD Given each angle = 90° 

AC=CA Common 

BC=DA Given 

“. AABC = ACDA H-S =H-S 

AB=CD Corresponding sides of congruent triangles 
and ZACB = ZCAD Corresponding angles of congruent triangles 


Hence ABCD is a rectangle 


Q.1 
(i) 

(ii) 
(iii) 
(iv) 
(v) 

(vi) 


Q.2 


Q.3 


Review Exercise 10 


Which of the following are true and which are false. 


A ray has two end points. (False) 
In a triangle there can be only are right angle. (True) 
Three points are said to be collinear if they lie on same line. (True) 
Two parallel lines intersect at a point. (False) 
Two line can intersect only one point. (True) 
A triangle of congruent sides has non-congruent angles. (False) 


In AABC = ALMN, then 
C 


S 


oor 6X. oe 
BNL N 


i) mZA = mzL=50° 


If AABC = A/MN then find the value of x 


J 7 
a as Vy 


mZN = mZC = 60° 

mZN =x =60° 
Sum of three angle in a triangle is 180 
So x + 80 + 40 = 180 

x+ 120 = 180 

x = 180-120 


x = 60° 


Find the value of unknowns for the given congruent triangles. 
It is an isosceles triangle 


m AB =mAC 
and m/B=m2C A 
when we draw a perpendicular from point A to BC it 
Bisect 
So BD = DC 
5m-3=2m+6 
5m — 2m = 613 
m9 fe _|sesif\ 
a & “ B Sm-3 D 2mto C 
m=3 
opposite angle are congruent 
ZB=Z 
55 —5x+'5 
55-5 =5x 
50 
a 
x= 10 


If APQR = AABC, the find the unknowns 


Sem 


By using definition of congruent triangles. 


RP = AC 
s=y—] 
xr L=¥ 
y=6cm 
AB = OP 
30m =x 
Or 

x =3cem 
BC=QR 


Overvie 


Congruency of Triangles: 
Tow triangles are said to be congruent written symbolically as =,if there exists a 
correspondence between them such that all the corresponding sides and angles are 


congruent. 
fescgeas [422 
ie. if 4BC=EF and»; ZB=ZE 
CA=FD | LC = ZF 
then AABC = ADEF 
A D 
B C E F 


A.S.A postulate: 
In any correspondence of two triangles, if one side and any two angles of one triangle 
are congruent to the corresponding side and angles of the other then the triangles are 
congruent this postulate is called A.S.A. postulate. 


A.S.A postulate: 
In any correspondence of two triangles, if one side and any two angles of one triangle 
are congruent to the corresponding side and angles of the other, the two triangles, are 
congruent. This postulate is called A.S.A postulate. 


S.S.S postulate: 
In a correspondence of two triangles, if three sides of one triangle are congruent to the 
corresponding three sides of the other, then the two triangles are congruent this 
postulate is called S.S.S postulate. 


H.S postulate: 
If in the correspondence of the two right-angled triangles, the hypotenuse and one side 
of one triangle are congruent ot the hypotenuse and the corresponding side of the 
other, then the triangles, are congruent this postulate is called H.S postulate. 


Introduction: 
Two triangles are said to be congruent if at least one(1—1) correspondence can be 


established between them in which the angles and sides are congruent. 


For example 


If in the corresponding AABC <> ADEF 


B C E F 
(i) ZA <— ZD (4A corresponds to 7D) 
(ii) ZB <—> ZE (4B corresponds to ZE) 
(iii) ZC <—> ZF (4C corresponds to ZF) 
(iv) AB <—> DE (AB corresponds to DE ) 
(v) BC <—> EF (BC corresponds to EF ) 
(vi) CA <—> FD (CA corresponds to FD) 


Congruency of Triangles: 
The two triangles are said to be congruent written as = if there exists a 
correspondence between them such that all the corresponding sides and angles are 
congruent. 


Then AABC = ADEF 


A D 


(eas =~ DE 
If :BC = EF 
lc = OF 


Theorem 10.1.1 


and 


any correspondence of two triangles 


| fA 2 #7) 
‘78 = 2#F 
zc ~~ sy 


if one side and any two 


angles of one triangle are congruent to the corresponding side and 


angles of the other then the triangles are congruent.(A.S.A = A.S.A. 


A 


Given 


In AABC <> ADEF 


ZB = ZEB, BC=EF, 7C=F 
To prove 
AABC = ADEF 


Construction 


Suppose AB Z DE. Take a point M on DE such that AB = ME. Join M to F 


Proof 


Statements 
In AABC <> AMEF 
AB =ME _ GF 
BC=EF (ii) 
ZB=ZE___(itt) 
AABC = AMEF 


xe Cc = ZMFE 
ZC = ZDFE 
ZDFE = 7MFE 
This is possible only if D and M are the same 
points and ME=DE 


So, 
But 


Reasons 


Construction 
Given 

Given 

S.A.S postulate 


(Corresponding angles of congruent triangles) 


Given 
Both congruent to ZC 


So AB = DE tiv) AB=ME (construction) and ME = DE 
i (proved) 

Thus from (ii), (ii1) and (iv), we have AABC = 

ADEF _S.A.S postulates 


Example 
If AABC and ADCB are on the opposite sides of common base BC such that 


AL L BC,DM | BCand AL = DM, then BC bisects AD. A 
Given 
AABC and ADCB are on the opposite sides of BC such that 
AL | BC,DM | BC,AL = DM, and ADis cut by BC at N. . < 
To prove 
AN =DN 
Proof D 
Statements Reasons 
In AALN < ADMN 
AL = DM Given 
ZALN = ZDMN Each angle is right angle 
ZALN = ZDMN Vertical angels 
ZALN = ZDMN. SAA= SAA 
AN = DN Corresponding sides of = As. 


Q.2 


Exercise 11.1 


One angle of a parallelogram in 130°. Find the measures of its remaining angles. 
In parallelogram 

mB = 130° 

ZD=Z (Opposite angles of a parallelogram) 

mZD = mZB = 130° 

We know that 

ZA+ZB =180 

ZAt+130 =180 (sum of int. “s on same side of a parallelogram is 180°) 
ZA = 180-130 D C 
LA = 50° 

If 2D = ZB 

Then 

AC= Zin A CY, 
ZC = 50° 


One exterior angle formed on producing one side of a parallelogram is 40°. Find the 


measures of its interior angles. 


ABCD isa parallelogram. BA is produced towards A. 


m/DAM = 40° 

m/DAB =? D C 
mZD =? 

m2ZB=? 

mC =? 40° 

ZDAM + ZDAB = 180° m A B 


40° + “DAB = 180° 
ZDAB = 180° — 40° 
ZDAB = 140° 
ZDAB + ZB = 180° 
140° + 7B = 180° 
ZB = 180° —140° 
ZB = 40° 

LD = B40" 


ZD = 40° 
ZC = ZDAB 
ZC = 140° 


Theorem 11.1.2 

Statement: _Iftwo opposite sides of quadrilateral are congruent and parallel, it is a parallelogram 
Given 
In quadrilateral | ABCD, D c 
AB=DC and AB|| DC 
To prove 
ABCD is a parallelogram 
Construction 
Join the point B to D and in the figure name the angles as 
Proof 


A B 


Statements Reasons 
In AABD <ACDB 
AB = DC Given 
#2 £1 Alternate angles 
BD= BD Common 
”. AABD = ACDB SAS postulate 
Now 24 = 23 ...6edex. (1) (Corresponding angles of congruent triangles) 
from (1) 


(iii) corresponding of sides of congruent triangles 


Also AB|| DC.......... (iv) Given 
Hence ABCD is a parallelogram From (ii)-(iv) 


Exercise 11.2 


Q.1 ‘Prove that a quadrilateral is a parallelogram if its 
(a) Opposite angles are congruent 
(b) Diagonals bisects each other 


(a) Given D C 
In quadrilateral ABCD 
mZA=mZC,mZB=mZD 


To Prove 
ABCD is a parallelogram A B 
Statements Reasons 
mZA=mZC...(i) Given 
mi 5B = msl)... (ii) Given 
mZA+mZB+mZC +mZD = 360° Angles of quadrilateral 


mZA+mZB = 180° 
mZC +mZD =180° 


AD || BC 


Similarity it can be proved that AB || DC 


Hence ABCD 1s.a parallelogram 


(b) Given 
In quadrilateral ABCD, diagonals AC and BD bisect each other. 
i.e. OA=OC,OB =OD 
To prove ABCD is a parallelogram 
Proof 


Statements Reasons 

In AABO <> ACDO 

OA=OC Given 

OB=zOD Given 

ZAOB= ZCOD Vertical opposite angles 

“. ZIZ2#2 Corresponding angles of congruent 
triangles 

AABO = ZCDO SAS= SAS 

Hence, AB || CD...(i) ZLE 22 

By taking BOC and is AAOD it can be prove 

that 

AD|| BC...(ii) From (i) and (ii) 


Hence ABCD is a parallelogram 


Q.2 _— Prove that a quadrilateral is a parallelogram if its opposite sides are congruent 


Given 

In quadrilateral ABCD 

(i) AB= DC 

(ii) AD = BC 

To prove 

ABCD is a parallelogram Le. AD || BC 
Prove 


Statements Reasons 
ACDB <> AABD 


ABz= DC Given 

AD = BC Given 

BD= BD Common 

AABD =ACDB SSS = SSS 

Thus, 71= 72 Corresponding angles of congruent triangles 
LA= 23 Corresponding angles of congruent triangles 
(i) AD | BC Alternate angles are congruent 


AB|| DC Alternate angles are congruent 


”. ABCD is a parallelogram 


Example 
The line segments, joining the mid-points of the sides of a quadrilateral, taken in 
order, form a parallelogram. D R C 
Given 
A quadrilateral ABCD, in which P is the mid-point of 


AB QO is the mid-point of BC R is the mid-point of CD S Q 
Sis the mid-point of DA 

P is joined to OV, Q is joined to RX. 

R is joined to S and S is joined to P. nN P B 
To prove 

PQRS is a parallelogram. 

Construction 

Join A to C. 


Proof 
Statements Reasons 
InADAC, 


SR||AC S is the midpoint of DA 


ae: 7 
mSR = he R is the midpoint of CD 


InABAC, 
PQ 4c P is the midpoint of AB 


== 1 —, a 
mPO = ee O is the midpoint of BC 


SR\| PO Each || AC 
= os: li— 
mSR=mPO Each= > AC 


Thus PORS is a parallelogram SR || PO, mSR= mPO (proved) 


Theorem 11.1.3 
The line segment, joining the midpoint of two 
sides of triangle, is parallel to the third side and 
is equal to one half of its length. 
Given 
In AABC, the mid-point of AB and AC are L 
and M respectively 
To prove 


1M | BC and mM =5mBC 


Construction 

Join M to Zand produce ML to N such that ML=LN 

Join N to B and in the figure, name the angles 71, 72 and 23 as shown. 
Proof 


Statements Reasons 


In A BLN ~ A ALM 
Given 
Vertical angles 
Construction 


S.A.S postulate 


(Corresponding angles of congruent triangles) 
And NB = AM... (ii) (Corresponding sides of congruent triangles) 


But NB || AM from (1), alternative <s 


Thus 


NBME cosccccsssvescaves (iii) (M isa point of AC ) 


BC MN is a parallelogram 


“BC | LM or BC\|NL 


Hence, m LM = = mBC 


Given 

from (11) and (iv) 

From (iii) and (v) 

(Opposite sides of a parallelogram BCMN) 
(Opposite sides of a parallelogram) 


Construction. 


from (vi) and (vit) 


Exercise 11.3 


Q.1 Prove that the line segments joining the midpoint of the opposite side of a quadrilateral 
bisect each other. 
Given 


ABCD is quadrilaterals point ORSP are the mid point of the sides RP and SO are joined 


they meet at O. D P c 
OP=OR OQ=OS oe —— 
Join P,O,R and § in order join C to A or A to C A R B 
Proof 


Statements Reasons 
SP ||AC ... (i) In AADC,S,P are mid point of AD, DC 


l 


mSP =— 
2 


mAC...{ii) 


AC || RO...(iii) In AABC, O,R are midpoint of BC, AB 


5 


mRO = AC...(iv) 
mSP || RO...(v) 


and RO= SP...(vi) From (ii) and (iv) 


Now RPandOS diagonals of parallelogram 
PQRS intersect at O. 
. OP=OR Diagonals of a parallelogram bisects each 


OS = OO other. 


Q.2 Prove that the line segments joining the midpoint of the opposite sides of a rectangle 
are the right bisectors of each other. 
[Hint: Diagonals of a rectangle are congruent] 
Given 
(i) ABCD is a rectangle 


D 
(ii) P,O.R.S are the midpoints of AB, CDand DA 5 — Q 


iii) SO and RP cut each other at point O 
( SO ae P A P B 
OS =O00 
OP =OR 


R G 


Construction 
Join P to O and O to R and Rto S and Sto P 
Join A to C and B to D 
Proof 
| Statements Reasons 
Midpoint of BC is O Given 


Midpoint of AB is P Given 


From equation (1) and (11) each are parallel to 


AC each are half of DB 


By joined B to D we can prove 
RQ || SP 


mSR | mPO 


| Each of them = AO 


mAC|| mBD 
PQRS is a parallelogram all it sides are equal 
OP =OR 

OS = 00 

AOOR <> AOOP 
OR=OP Proved 

OO =O0O Common 

RO = PO Adjacent 

“. AOQR = AOQP 

ZROO = ZPOQ 

Z£ROQ+ ZPOO = 180 Supplementary angle 
ZROO = 2POO =90" From (vii) and (viii) 
Thus PRL OS 


Q.3 ‘Prove that line segment passing the midpoint of one side and parallel to other side of a 
triangle also bisects the third side. 


Given 
In AABC, Ris the midpoint of AB,RO || BC 
RO|| BS 
To prove 
AQ=OC 
Construction 
QS || AB 
Proof 


Statements Reasons 
Given 


Construction 


Opposite side 
AR = RB... (ii) Given 


OS = AR.. (iii) From (1) and (ii) 


Z| =. and 
£2...(iv) 
AARO <> AQSC 


From (iv) 


AR= SO From (iii) 
Hence, AARO = AOSC AAS =AAS 


AO = OC Corresponding sides 


Theorem: 11.1.4 
Statement: The median of triangle are concurrent and their point of concurrency is the point 


of trisection of each median. 
Given AABC 
To prove 
The medians of the AABC are concurrent and the 
point of concurrency is the point of trisection of 
each median 
Construction 
Draw two medians BEandCF of the AABC 
which intersect each other at point G. Join A to G 
and produce it to the point H such that AG = GH Join H to the points B and C 


AH Intersects BC at the point D. 
Proof 


Statements Reasons 


In A ACH, 


GE || HC 


G and E are mid-points of sides AH and AC 
respectively 


Or BE||HC 1 G is point of BE diagonals BC 
Similarly CF || HB.. (ii) 
.. BHCG is a parallelogram From (i) and (ii) 


And 


mGD =~mGH..(iii) Diagonals BC and GH of a parallelogram 


BHCG intersect each other at point D. 


BD=CD 


AD isa median of AABC medians G is the interesting point of BE, CF and AD 
AD, BEandCF pass through the point G pass through it. 


Now GH = AG.. (iv) Construction 


mGD = sie G From (iii) and (iv) 


and G is the point of trisection of AD..(v) 


similarly it can be proved that G is also the 


point of trisection of CF and BE 


Q.1 The distance of the point of concurrency of the medians of a triangle from its vertices 
are respectively 1.2 cm. 1.4 cm and 1.6 cm. Find the length of its medians. 
Let AABC with the point of concurrency of A 
medians at G 
AG =1.2cm, BG=1.4cm and CG =1.6cm Q 
3 
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Q.2 Prove that the point of concurrency of the medians of a triangle and the triangle which 
is made by joining the midpoint of its sides to the same. 
Given 
In AABC, AQ, CP, BR are medians which meet at G. 


To prove 
G is the point of concurrency of the medians of AABC and APOR 
Proof 


Statements Reasons 
PR | BC P, R are midpoint of AB, AC 
BO||PR 
Similarly OR | BP 
.PBOR is a parallelogram it diagonals BR and PO 
bisector each other at 7 


Similarly U is the midpoint of OR and S is midpoint of PR 
PU, OS, RT are medians of APOR 

(i) AOand SO pass through G 

(ii) BRand7R pass through G 

(iii) UP andCP pass through G 


Hence G is point of concurrency of medians of APOR and 
AABC 


Example 
A line, through the mid-point of one side, parallel to another side of a triangle, bisects 
the third side. L A M 
Given eS a 


In AABC, Dis the mid-point of AB . 


DE || BC which cuts AC at E. 
To prove 

AE = BC 

Construction 

Through A, draw LM || BC. 
Proof 


Statements Reasons 
Intercepts cut by M/,DE,BC on AC are congruent. —_ cut by parallelsLM/ DE. 


ie, AE=EC. 


BC on AB arecongruent (given ) 


Theorem 11.1.5 

Statement: In three or more parallel lines make congruent segments on a traversal they also 
intercept congruent segments on any other line that cuts them. 

Given 


AB || CD|) EF 

The transversal ZX _ intersects 
AB,CD and EF at the points 4, N 
and P respectively, such that 
MN =NP. The transversal OY 
intersects them at point Rk, S and 7 


respectively. 
Prove 


RS =ST 
Construction 
From R, draw RU || LX , which meets CD at U, from S draw SV || LY which meets EF at V. 


as shown in the figure let the angles be labeled as 71, 42, 23 and 24. 
Proof 


MNUR is parallelogram RU\|LX (Construction) AB||CO (given) 

“MN = RU (i) (Opposite side of parallelogram). 

Similarly. 

NP = SV (ii) 

But MN = NP (iii) Given 

“RU = SV {from (i) (ii) and (iii)} each is || Le (construction) 


Also RU || SV 
£21723 

and 23. =A 

In ARUS <> ASVT 


RUHSY 

tis 22 

Z3= 24 

“ AROUS = ASFT 
Hence RS = ST 


Corresponding angles 
Corresponding angles 


Proved 


Proved 
Proved 
SAA=S.AA 


(Corresponding sides of congruent triangles) 


Q.2 


(i) Take a line segment AB = 5.5cm 
(ii) Draw any acute angle “BAX 
(iii) Draw arcs on AX which are 


Exercise 11.5 


In the given figure _ Se ee 
AX || BY ||CZ || DU || EV and AB=BC=CD= DE 
If MN =1em then find the length of LN and LO 

". PO=NP =MN = LM 

MN = l\cm 

Given 


AP = PO= OR= RS =ST 
Therefore, LN=LM +MN 
LM =MN 

sO, LN =MN+MN 

LN =1+41 

LN =2cm 

LM = NP = PO= MN =lcem 
SO, LM = lem, NP = lcm, PO= lcm 
fO= IM+MN+ NP+PO 
LO =1+1+1+1 

LO=4cm 


Take a line segment of length 5.5c/ and divide it into five congruent parts 
[Hint: draw an acute angle 2B AX. On 
AX take AP=PO=RS=ST join T to B draw 
lines parallel to 7B from the point P,Q R and S. 


Proof 
Construction: 


AP=PQ=OR=HS =ST 


(iv)Jon7toB 
(v) Draw lines SF’, RE,OD,& PC Parallel to7B . 


Result line segment AB is divided into congruent line segments AC =CD= DE =EF =FB. 


Q.1 
(i) 


Ans: 


(ii) 


Ans: 


(iii) 


Ans: 


(iv) 


Ans: 


(v) 


Ans: 


Q.2 
(i) 


Ans: 


(ii) 


Ans: 


(iii) 


Ans: 


(iv) 


Ans: 


0.3 


Q.4 


Review Exercise 11 


Fill in the blanks 

In a parallelogram opposite side are ...... 

Congruent 

In a parallelogram opposite angles are ....... 

Congruent 

Diagonals of a parallelogram ........ each other at a point. 
Bisects 

Medians of a triangle are .......... 

Concurrent 

Diagonals of a parallelogram divide the parallelogram into two ....... Triangles 
Congruent 


In parallelogram ABCD 


mAB =mDC 
mBC 00.00... 
mBC =mAD 
sd Ere 
peo) Ses 


Find the unknown in the figure given 


Solution 

n° = 715 

y® — ne 

Substituting the value of 7° 

y= TS" 

x° + 75 = 180 Adjacent and supplementary 
x° = 180-75 

x° = 105° 

m° =x? 

mm? = 105° 


If the given figure ABCD is a parallelogram then find x, m 
Lig?e= 55° 


x “a 
ge = §° 

ZA + ZB =180° 
ZB =180°— ZA 


#B=180°—55=125° 


#B = 130° 
ZD+ ZC =180° 
5m+10°+ 55° =180° 
5m+65° = 180° 

5m =180°—65° 

x = 11S" 


The given figure “MNP is a parallelogram finds the value of m, n 
AM PH= 100008 save (1) 

In parallelogram opposite sides are congruent 8m — 4n= 8 ... (ii) 
Multiply 4 with equation 
4(4m + n)=4x10 
16m+4n= 40... (itt) 
Adding equation (ii) and (iv) 
8m — Mh = § 


l6m+ Afi = 40 


24m= 48 


_ 48 


m=— 
24 


m=2 


Putting the value of m in equation (1) 4(2) + n= 10 


8+n=10 
n=10-8 
n=2 


In the equation 5, sum of the opposite angles of the 

parallelogram in 110° Y 
ZL+ ZM= 180 

55°+ZM=180° 

ZM=180° -55° Te M 
ZM = 125° 


ZP = ZM opposite angles are congruent in parallelogram 


P= 125" 


Unit 11: Parallelograms and Triangles 


Parallelogram: 
If two opposite sides of a quadrilateral are congruent and parallel, it is a parallelogram. 


Medians 
A line segment joining a vertex of a triangle to the mid-point of the opposite side is called 
median of the triangle. 


Trisection 
The process to divide a line segment into three equal parts. 


Theorem 11.11 
In a parallelograms 
(i) Opposite sides are congruent 
(ii) Opposite angles are congruent 
(iii) The diagonals bisect each other 
Given 
In a quadrilateral ABCD, AB\| DC,BC || AD and 
the diagonals AC,BD meet each other at point O. 
To Prove 
(i) AB ~DC,AD ~BC 
(ii) ZADC=ZABC, ZBAD = ZBCD 
(ili) OA=OC, OB = OD 


Construction 
In the figure as shown, we label the angles as 71, 72, 23, 74, 25 and 46. 
Proof 
Statements Reasons 
(i) In AABD <> ACDB 
Z4= 71 Alternate angles 
BD=BD Common 
Z2= 23 Alternate angles 
.. AABD = ACDB AS.A=AS.A 
So, AB, DC, AD = BC (Corresponding sides of congruent triangles) 
and 74 = ZC (Corresponding angles of congruent triangles) 
(ii) Since 
and 71 = 74................ (a) Proved 


a t_2  e (b) Proved 
mZ14+mZ2=mZ44+mZ3 From (a) and (b) 
or mZADC = mZABC 
or ZADC = ZABC 


and “BAD = mZBCD 


Proved in (1) 


(111) In ABOC <+ADOA 
BC = AD Proved in (i) 

Z5= 26 Vertical angles 
£3= 22 Proved 

‘* ABOC = ADOA (A.A.S=A.A.S) 


HenceOC = OA,OR = OD (Corresponding sides of congruent triangles) 


Example 
The bisectors of two angles on the same side of a parallelogram cut each other at right 
angles. 
Given 
A parallelogram ABCD, in which 
AB|| DC, AD || BC 
The bisectors of EA and EB cut each other at E. 
To Prove 
mZE=90° 
Construction: 
Name the angles 71 and 72 as shown in the figure. 
Proof 


Statements Reasons 


1 “ 
= 3 (mZBAD +mZABC) m72= 5mZABC 


int.angles on the samesideof AB 


1 
=—(180° 
“(180° 


mZ\1+mZ2 1 
mzZ\= Fm 
| which cuts |sezments ADandBC 


= 90° are supplementary. 


Hence in AABE,mZE = 90° mZ1+mZ2 = 90° (proved) 


Exercise 12.1 


Q.1 Prove that the centre of a circle is on the right bisectors of each of its chords. 
Given 
A, B, C are the three non-collinear points. 
Required: To find the centre of the circle passing 
through A,B,C 
Construction 


Join B to C, A take PO is right bisector of AB and RS A 


right bisector of BC, they intersect at O. 
Join O to A, Oto B, Oto C. 


”.O is the centre of circle. 


Proof 
Statements Reasons 
OB =OC (i) O is the right bisector of BC 
OA = OB (ii) O is the right bisector of 4B 
OA=OB=OC From (1) and (11) 
Hence is equidistant from the A,B,C 


“.O is center of circle which is required 


Q.2. Where will the center of a circle passing through three non-collinear points? And Why? 
Given 
A.B.C are three non collinear points and circle passing through = ¢ 
these points. 

To prove 

Find the center of the circle passing through vertices A, B and 

C. 

Construction 

(i) Join B to A and C. 

(ii) Take OT right bisector of BC and take also PR right 
bisector of AB. 

PRand QT intersect at point O. joint O to A,B and C. O is the center of the circle. 

Proof 


Statements Reasons 
OO is right bisector BC 
OB = OC ...(i) 
PO is right bisector of AB 


OA = OB ...(ii) 
so 
OA=OC =OB 
. It is proved that O is the center of the circle. 


From (1) and (ii) 


Q.3 Three village P,Q and R are not on the same line. The people of these villages want to 
make a children park at such a place which is equidistant from these three villages. 
After fixing the place of children park prove that the park is equidistant from the 
three villages. 


Given 

P.Q.R are three villages not on the same straight line. 
To prove 

The point equidistant from P,R,Q. 

Construction 


(i) Joint Q to P and R. 
(ii) Take AB right bisector of PQ and CD right 
bisector of OR. ABand(D intersect at O. 


(iii) JoinOtoP,Q,R 
The place of children part at point O. 


Proof 


Statements Reasons 


O is on the right bisector of OR 


OP =OO =OR From (i) and (ii) 
“.O is on the bisector of ZP . il . | 


Hence PO is bisector of “P 
O is equidistant from P,Q and R 


Theorem 12.1.3 
The right bisectors of the sides of a triangle are 
concurrent. 
Given 
AABC 
To prove 
The right bisectors of Ab,BC andCA are PF 
concurrent. 
Construction 
Draw the right bisectors of AB and BC which 
meet each other at the point O. Join O to A, B and C. 


\ 


_~ 


Proof 
Statements Reasons 
(Each point on right bisector of a 
OA = OB ———————-> (i) segment is equidistant from its end 
points) 
OB=OC ————— Iii) As in (i) 


OA=OC from (i) and (ii) 


-. Point O is on the right bisector of CA -> (iv) (O is equidistant from A and C) 
But point O is on the right bisector of AB and of 
ec —_, (v) 

Hence the right bisectors of the three sides of 
triangle are concurrent at O 


Construction 


{from (iv) and (v)! 


Theorem 12.1.4 
Any point on the bisector of an angle is equidistant from its arms. 


Given 
A point P is on OM , the bisector of 7AOB 
To Prove 


PO=PR i.e P is equidistant from OA and OB 


Construction 
Draw PR | OA and PO LOB 
Proof 


In APOQ < APOR 


OP =OP Common 

ZPQO = ZPRO Construction 

ZPOQ = ZPOR Given 

“. APOQ = APOR SAA=S.AA 

Hence PO = PR (Corresponding sides of congruent triangles) 


Theorem 12.1.5 (Converse of Theorem 12.1.4) 


Any point inside an angle, equidistant from its arms, 1s on 
the bisector of it. 

Given 

Any point P lies inside ZAOB, such that 

PQ = PR, where PO | OB and PR | OA 

To prove 

Point P is on the bisector of ZAOB 

Construction 

Join P to O 

Proof 


Statements Reasons 


In APOO <— APOR 
ZPQO = ZPRO Given (Right angles) 

PO=PO Common 

PO=PR Given 

“. APOQ = APOR H.S=HS 

Hence ZPOQ=/POR (Corresponding angles of congruent triangles) 
i.e, P is on the bisector of ~AOB 


Exercise 12.2 


Q.1 Ina quadrilateral ABCD AB = BC and the right bisectors of AD,CD meet each other 


at point N, Prove that BN isa bisector of ZABC 
Given 

In the quadrilateral ABCD 

AB = BC _ 

NM is right bisector of CD 

PN isright bisector of AD 
They meet at N 

To prove 

BN is the bisector of angle ABC 
Construction join N to A,B,C,D 
Proof 


Statements | Reasons 
ND=WNA (i) N is an right bisector of AD 
ND = NC (ii) N is on right bisector of DC 
NA=NC (iii) from (i) and (ii) 
ABNC <> AANB 
NC =NA Already proved (from iii) 
AB=CB Given 
BN = BN Common 
. ABNA = ABNC SiS,S = SUS.S 
Hence ZABN = ZNBC Corresponding angles of congruent triangles 


Hence BN is the bisector of “ABC 


Q.2. The bisectors of 74,428 and /C of a quadrilateral ABCP meet each other at point O. 
Prove that the bisector of 7? will also pass through the point O. 
C 


Given 


ABCP is quadrilateral. AO,BO,CO are bisectors of 7A, 7Band ZC meet at point O. 


To prove 


POis bisector of 7P 
Construction: 
Join P to O. 


Draw OO 1 AP, ON 1 PC and OL 1 AB, OM 1 BC 


Proof: 
Statements Reasons 
OM = ON (i) O is on the bisector of ZC 
OL =OM (ii) O is on the bisector of 2B 
OL =OO (iii) O is on the bisector of 7A 
OO =ON From i, ii, iii 
Point O lines on the bisector of 7P 


.OP is the bisector of angle P 


Q.3 Prove that the right bisector of congruent sides of an isosceles triangle and its altitude 


are concurrent. A 

Given 

AABC 

AB= AC. due to isosceles triangle PM is right bisector Px QO 
of AB 


ON is right bisector of AC 
PM and ON intersect each other at point O 


Required 
The altitude of AABC lies at point O 


Join A to O and extend it to cut BC at D. 


Proof 
Statements Reasons 

mAB =mAC Given 
5 mAB = 5 mac Dividing both side by 2 
AQ = AP 
In AAQO ~& AAPO 
ZAPO = ZAQO Each 90° (Given) 
AQ = AP Already Proved 
AO = AO Common 
AAPO = AAQO HS=HS 
ZPAO = ZOAO (1) Corresponding angles of congruent triangles 
ABAD <» ACAD 
AB = AC Given 


AD=AD Common 


ZBAD = ZCAD Proved from (1) 
ABAD = ACAD SAS=S.AS 


ZODB = ZODC Each angle is 90° (Given) 


mZODM +mZODC =180° Supplementary angle 
“AD L BC 
Point 0 lies on altitude AD 


Q.4 Prove that the altitudes of a triangle are concurrent. 
Given 
In AABC 
AD.BE.CFareits altitiudes 
iieAD | BC,BE | AC,CF | AB 
Required AD,BE and CF areconcurrent 


Construction: 


Passing through A, B, C take 


ROQ|BC RP AC andQP||AB respectively forming a APQR 


Proof 
Statements Reasons 


BC|AQ Construction 
AB|QC Construction 
“. ABCQ isa ||?" 

Hence AQ =BC 

Similarly AB=QC 

Hence point A is midpoint RQ 
And AD | BC Given 

BC|RQ Opposite sides of parallelogram ABCQ 


AD|RQ 

Thus AD _ is right bisector of RQ 

similarly BEis a right bisector of RP and 

CFis right bisector of PQ 

1° AD,BE,CF are right bisector of sides of APOR 
. AD, BEand CF are 

Concurrent 


Theorem1 2.1.6 
The bisectors of the angles of a triangle are concurrent 
Given 
AABC 
To Prove 
The bisector of ZA, 7B, and “C are concurrent 
Construction: 
Draw the bisectors of 2B and 4C which intersect at 
point I. From I, draw 
IF | AB, IDLBCandIELCA 
Proof 


Statements Reasons 
— (Any point on bisector of 
ID = IF an angle is equidistance 
from its arms. 
Similarly 
ID =IE 
“. IE=IF Each = ID 


So the point I is on the bisector of ZA ... (i) 
Also the point I is on the bisectors of ZABC and “BCA ... (ii) | Construction 


Thus the bisector of ZA, 2B and 4C are concurrent at | {From (1) and (ii)} 


Exercise 12.3 


Q.1 Prove that the bisectors of the angles of base of an isosceles triangle intersect each 


other on its altitude. 
A 


Zz aol N 


Given 
AABC 
AB=AC Due to isosceles triangle 
Bisect 7B and /C to intersect at point O Join A to D and extend to BC at D AD is the 
altitude of AABC AD1BC 
Proof 
Statements Reasons 
In AABC 
AB = AC Given 
Due to isosceles triangle opposite angle are congruent 


Dividing both side by 2 


AABO <> AACO 

AO = AO 

AB = AC 

BO=CO Given 
AABO = AACO Due to isosceles triangle 
AABD <> AACD 

AD=AD 

Z7T= 28 

AB=AC 

AABD = AACD 

£5+26 = 180 

£5 = £6=90° 


So AD LBC Supplementary angles 


AD Passes from point O 


Q.2. Prove that the bisectors of two exterior and third interior angle of a triangle are 
concurrent 


Given 

AABC 

Exterior angles are ZABQ and “BAP AT and BS intersect each other at point O therefore join 
OtoC 

Draw the angle bisecter of C 

Z1=22 

Construction 

OM |. CO,OLL AB, ON LCP 

Proof 


OL=OM........... (ii) | 


ON=OL 
Hence Angle Bisector of C Comparing equation (i) and (it) 


Leczl= 4 


Q.1 
(i) 
(il) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 


(viii) 


Q.2 


Q.3 
(i) 


(ii) 


Review Exercise 12 


Which of the following are true and which are false? 


Bisection means to divide into two equal parts (True) 
Right bisection of line segment means to draw perpendicular which passes through the 
midpoint of line segment (True) 
Any point on the right bisector of a line segment is not equidistant from its end points 
(False) 
Any point equidistant from the end points of a line segment is on the right bisector of it 
(True) 
The right bisectors of the sides of a triangle are not concurrent (False) 
The bisectors of the angles of a triangle are concurrent (True) 
Any point on the bisector of an angle is not equidistant from its arms (False) 


Any point inside an angle equidistant from its arms, is on the bisector of it (True) 


If CD is right bisector of line segment AB , then 
(i) mOA = (ii) m AQ= 

Solution 

(i) MOA=mOB 

(ii) mAQ=mBQ 


Define the following 


Right Bisector of a Line Segment 
i—G B 
A line /is called a right bisector of a line segment if/is perpendicular to the line segment 


and passes through its midpoint. 


Bisector of an Angle 
A ray BP is called the bisector of m Z ABC, if P is a point in the interior of the angle 
and mZABP =m PBC. 

C 


P 


Q.4 


Q.6 


The given triangle ABC is equilateral triangle and AD is bisector of angle A, then find, 
the values of unknown x°, y° and 2°. 

Solution 

In equilateral triangle all side are equal to each and there angle of the triangle equal to 60°. 
So 


ZB=2° = 60° A 
AD is the bisector of ZA Ae 
ZA = 60° 
.. When angle A is bisected 
7. lax im Ps 
x°-—mZA D Cc 
2 
= u x 60° 
ee 
x= 30" 
=A? (sr = 9°) 
So x° = 7 = 30° 


In the given congruent triangle LMO and LNO find the unknowns x and m given 
ALMO = ALNO L. 
mLM = mLN 

2x+6=58 

2x = 18-6 2x+6 


25= 12 


x = 6 Unit 
mMO = mON 


“aa = 12.nit 


CD is right bisector of the line segment AB 
If mAB=6cm then find the mALandmLB 
Solution 


L is the midpoint of AB 


-.mAL =mLB LH a 


mime anil = bok rs 
2 2 


SomAL =3cm 


mLB=3cm [i mAl=mil B) 


(ii) If mBD=4cm then find m AD 
mAD =mBD (Any point on the right bisector of a line segment is equidistant from its end 
points. ) 
mAD =4 


mAD =4cm 


Unit 12: Line Bisectors and Angle Bisectors 


Overvie 


Right Bisector of a line segment: 
Right bisection of a line segment means to draw a perpendicular at the mid-point of line 


segment. 


Bisector of an angle: 
Bisection of an angle means to draw a ray to divide the given angle into two equal parts. 


Theorem 12.1.1 
Statement: 
Any point on the right bisector of a line segment is equidistant 
from its end points. 
Given 
A line LM intersects the line segment AB at the point C Such 
that LM AB and AC = BC) Pisa pointon LM 
To prove 
PA=PB 
Construction 
Join P to the point A and B 
Proof 


In AACP <> ABCP 

AC 2 RC Given 

ZACP = ZBCP Given PC 1 AB, so that each Z at C =90° 
PC2=PC Common 

“. AACP = ABCP S.A.S Postulate 


Hence PA = PB (Corresponding sides of congruent triangles) 


Theorem 12.1.2 . 
{Converse of Theorem 12.1.1} 
Any point equidistant from the end points of a line segment 
is on the right bisector of it. 
Given 
ABisa line segment. Point P is such that PA=PB 


To prove 
The point P is the on the right bisector of AB 


Construction 


Join P to C, the midpoint of AB 
Proof 


In AACP < ABCP 


PA=PB Given 

PC=PC Common 

AC = BC Construction 

. AACP = ABCP 5.9.0 = S909 

ZACP=ZBCP i) Corresponding angles of congruent triangles 
But mZACP +mZBCP =180° __ (ii) Supplementary angles 

“.mZACP =mZBCP = 90° From (1) and (ii) 

ie PC L AB (iii) mZACP = 90° (Proved) 

Also CA=CB (iv) Construction 


. PC isa right bisector of AB from (ili) and (iv) 


i.e. the point P is on the right bisector of AB 


Q.1 


(a) 
(b) 
(c) 
(d) 


Q.2 


In AOAB 
mOA+OB > mAB (i) 


In AOAC 
mOC +mOA > mAC (11) As in (i) 


In AOBC 


Exercise 13.1 


Two sides of a triangle measure 10cm and 15 cm which of the following measure 
is possible for the third side? 

Sem 

20 cm 

25 cm 

30 cm 

Solution 

Lengths of two sides are 15 and 10 cm. 

So, sum of two lengths of triangle = 10 + 15 = 25m 

10 + 15.>20 

10 + 20.>15 

15+20> 10 

. 20 cm is possible for third side 

Or 

Sum of length of two sides is always greater than the third sides of a triangle. 
Given 


Point O is interior of AABC 
Show that 


mOA+mOB-+mOC>+(mAB:4mBC-+mCA) 


Given 
Point O is interior of AABC 
To prove: 


mOA +mOB+mOC <—(mAB+mBC+mAC) 


Construction 

Join O with A, B and C. 

So that we get three triangle AOAB , AOBC and AOAC 
Proof 


In any triangle the sum of length of two 
sides is greater then the third sides. 


mOB+OC > mBC (iii) As in (i) 


Adding equation i, 1i and iii 

OA+OC +OA+OB+OB+OC > AC + AB+ BC 
20A+20C +20B > AB+BC+CA 

2(OA+OC +OB) > AB+BC+CA 


Z(OA+OC+OB) | AB+BC+CA 
Zz 2 


Dividing both sides by 2 


(04+0C +0B) > (AB+ BC +CA) 


Q.3 In the AABC mB = 70° and mC = 45° which of the sides of the triangle is 
longest and which is the shortest. 
Solution 
Sum of three angle in a triangle is 180° 
ZA+ ZB+ ZC= 180 
ZA +70 + 45 = 180 


ZA+ 115 = 180 
ZA= 180-115 
ZA= 65" 


Sides of the triangle depend upon the angles largest angle has 
largest opposite side and smallest angle has smallest opposite side here /Bis largest 


so, AC is largest ZC is smallest, so AB is smallest side. 


Q.4 Prove that in a right-angled triangle, the hypotenuse is longer than each of the 
other two sides. 
Solution 4 
Sum of three angles in a triangle is equal to 180°. So in a 
triangle one angle will be equal to 90° and rest of two angles 
are acute angle (less than 90°) 


 mZy = 90 

And m4x + mZz = 90 

So mx and mz are acute angle 
.. Opposite to my = 90° is hypotenuse v y 


It is largest side. 


Q.5 In the triangular figure AB>ACBDandCDare the bisectors of 7B and “C 
respectively prove that BD>DC 
Given 
InAABC 
AB> AC 
BD and CDare the bisectors of 7B and ZC 
To prove 
BD>CD 
Construction 
Label the angles 1, 22, 23 and 24 


A 


Proof 
Statements Reasons 
In AABC 


AB> AC Given 
BDis the bisector of 7B 


dn JSACR S Ln ZERO 
2 2 


mZABC 

mZ2<mZz4 

CD is the bisector of ZC Given 
InABCD 


BD > DC Side opposite to greater angle is greater 


Theorem 13.1.4 
From a point, out side a line, the perpendicular is the shortest distance from the point 

to the line. A 2 
Given: : 
A line AB and a point C ri 
(Not lying on AB )and a point D on AB such that a 
CD | AB ‘ 
To prove 


mCDis the shortest distance from the point C to AB A E D B 
Construction 

Take a point E on AB Join C and E to form a ACDE 

Proof 


Statements Reasons 


In ACDE 
(An exterior angle of a triangle is greater than non 


mZCDB > mZCED ; Socal 
adjacent interior angle) 


But mZCDB = mZCDE Supplement of right angle 

*. mZCDE.>mZCED 

Or mZCED < mZCDE 

Or mCD <mCE Side opposite to greater angle is greater. 


But E is any point on AB 
Hence mCDis the shortest distance from 
Cto AB 


Q.2 


Q.3 


Exercise 13.2 


In the figure P is any point and AB is a line which of the following is the shortest 
distance between the point P and the line AB. 


Fil 
L M N O 
(a) mPL (b) mPM (c) mPN (d) mPO 
As we know that PN | AB 

So PNis the shortest distance 


In the figure, P is any point lying away from the line AB. Then mPL will be the 
shortest distance if 


P 
A L S 
(a)mZP ZA=80° —(b) mZPZB= 100° (c)mZPZA = 90° 
Solution: 
mZPLA = 90° 
PL LAS 


PL is the shortest distance 
So ZPLA or PLS equal to 90° 


In the figure, PL is perpendicular to the line AB andLN >mLM. Prove that 
mPN >mPM | 
Given 


PL 1 AB 
mLN >mLM 
To proved: 
mPN >mPM 


Proof 


Reasons 


Statements 


APLM 

ZPLM = 90° 

“. ZPMN > APLM Exterior angle 
ZPMN > 90° 

InAPLN 

ZPLN = 90° 

mZPNL < 90° Acute angle 
APMN 

mZPMN > mZPNL 


..PN > PM 


Q.4 


Review Exercise 13 


Which of the following are true and which are false? 


The angle opposite to the longer side is greater. (True) 
In a right-angled triangle greater angle is of 60°. (False) 
In an isosceles right-angled triangle, angles other than right angle are each of 45°. (True) 

A triangle having two congruent sides is called equilateral triangle. (False) 
A perpendicular from a point to line is shortest distance. (True) 
Perpendicular to line forms an angle of 90°. (True) 
A point out side the line is collinear. (False) 
Sum of two sides’ of a triangle is greater than the third. (True) 
The distance between a line and a point on it is zero. (True) 
Triangle can be formed of length 2cm, 3cm and S5cm. (False) 


What will be angle for shortest distance from an outside point to the line? 
The angle for shortest distance from an outside point to the line is 90° angle. 


If 13cm, 12cm and 5cm are the length of a triangle, then verify that difference of 


measures of any two sides of a triangle is less than the third side. 


B 


a= 13, b=5; ¢=12-em 
a—-b=13-5=8 


S<c 
c-—b=12-5=7 
7<a 
a—c=13-12=1 
l<b 


This is the process which show the difference of any two sides of a triangle is less then the 


measure of the third. 


If 10cm, 6cm and 8cm are the length of a triangle, then verify that sum of measures 
of two sides of a triangle is greater than the third side. 


a=8cm,b=10cm, c=6cm C 
8+ 10 = 18cm > 6cm 

atb> sc 

10+ 6= l6cm > 8cm a=8cem 
bt+c>a 

6+8= 14cm > 10cm 

cta>b A ¢ =6cm B 


. The sum of measures of two sides of a triangle is greater than the third side. 


Q.5 


Q.6 


3cm, 4cm and 7cm are not the length of the triangle. Give reasons. 
a=3cm b = 4cm c= 7cm 

3+4=7 

atb—c 

brea 

4+7>3 

era>b 

+3 >4 


In a triangle sum of measures of two sides should be greater than the third sides. 


If 3cm and 4cm are the length of two sides of a right angle triangle than what should 
be the third length of the triangle. 

If sum of the squares of two sides of a triangles is equal to the square of the third side then 
it is called right angled triangle. 


So by Pythagoras theorem. C 
(AC) = (BC)'+ (AB) 

(AC) = (4) + QY 

(AC) = 16 +9 4 
(Ac) = 25 


Taking square root on both sides 
(AC) = 25 A 


AC =5cm 
.. Length of third side of right angled triangle is 5cm. 


ee) 


Unit 13: Sides and An les 


Overvie 


Theorem 13.1.1 
If two sides of a triangle are unequal in length, the longer side has an angle of greater 
measure opposite to it. 

Given: A 

In AABC, mAC > mAB 

To prove 

mZABC>mZACB D 

Construction 

On AC take a point D such that 

AD = AB. Join B to D so that AADB is an isosceles triangle. B C 

Label 41 and 42 as shown in the given figure. 

Proof 
Statements 


Reasons 


In AABD 
mZ1=m2Z2... (1) 
In ABCD, mZACB <.m242 


Angles opposite to congruent sides (construction) 


(An anterior angle of a triangle is greater than a non 


Lem me ___ (al) adjacent interior angle.) 
.mZ1>mZACB ____ (iil) By (1) and (11) 

But mZABC = m1 +mZDBC Postulate of addition of angles 
. mZABC > m1 (iv) 


. mZABC > m1 >mZACB 
Hence mZABC > mZACB 


By (iii) and (iv) 
(Transitive property of inequality of real number) 


Example 1 
Prove that in a scalene triangle, the angle opposite A 
to the largest side is of measure greater than 60°. 
(1.e., two-third of a right-angle) 
Given 
In AABC’ mAC + mAB, mAC > mBC. 
To prove 


mB > 60° 


Proof 


In AABC 
mZB>mZC mAC >mAB(given) 
mZB>mZA mAC > mBC ( given) 
Butm/A+m/B+mZC =180° ZA, ZB, ZC are the angles of AABC 
“mZB+mZB+mZB > 180° mZB >mZC,mZB > mZA(proved) 
Hence mZB > 60° 130% = 60° 

B 
Example 2 


In a quadrilateral ABCD, AB is the longest side and CD 
is the shortest side. Prove that ABCD>mBAD 


Given 

In quad. ABCD, AB is the longest side and CDis the 
shortest side. 

To prove 

mZBCD>mZBAD 

Construction 

Joint A to C. 

Name the angles 41, 42, 73.and.74 as shown in the figure. 
Proof 


Reasons 
mAB > mBC (given) 
mAD > mCD( given ) 
From (1) and (ii) 

. tee +mZ3=mZBCD 


Statements 
In AABC,mZ4 > £2...{i) 


In AACD,m23 > Z1...{ii) 
mzZ44m23>mZ24+mZ1 


H BCD ZBAD 
oe mZ2+mZ1=mZBAD 


Theorem 13.1.2 (Converse of theorem 13.1.1 ) 
If two angles of a triangle are unequal in measure, the side 
opposite to the greater angle is longer than the side opposite to 
the smaller angle. 
Given: 
In AABC, mZA > mB 
To prove 


mBC > mAC 


Proof 
Statements Reasons 


If mBC x mAC , then 
Either (1) mBC =mAC 


a inte Trichotomy property of real numbers 
Or (ii) MBC < mAC ( ee 


From (i) if mBC =mAC, then 


mZA=mB (Angles opposite to congruent sides are congruent) 


Which in not possible 


From (11) if mBC < mAC, then 
eT (The angle opposite to longer side is greater than 
angle opposite to smaller side? 
This is also not possible Contrary to the given 

“. mBC #mAC 
And mBC#mAC Trichotomy property of real numbers. 


Thus mBC>mAC 
Corollaries 
(i) The hypotenuse of a right triangle 1s longer than each of the other two sides. 
(ii) In an obtuse angled triangle, the side opposite to the obtuse angle is longer than 
each of the other two sides. 


Example 
ABC is an isosceles triangle with base BC. On BC a point D is taken away from C. A 
line segment through D cuts AC atL and AB at M. x 
prove that mAL>mAM . 
Given 


In AABC, AB = AC 

D is a point on BC away from C 

A line segment through D cuts AC at L and ABat 
M. 

To Prove 


mAL>mAM 

Proof 
Statements Reasons 
In AABC 


ZB= 22..(i) AB=AC (given) 
In AMBD 
m1 >mZB..{ii) (42is anext.Z and 73 is its internal opposite Z ) 


“mZ1 > mZ2...(iii) From (1) and (i1) 

In ALCD 

mZ2>mZ3 (Zlis anext. 7 and 31s its internal opposite 2 ) 
“mZ1>mZ3...(v) From (iii) and (iv) 


But mZ3= mZA...(vi) Vertical angles 


mZi>mZ4 From (v) and (vi) 
Hence mAL ss mAM In AALM ,mZ1 > mZA( proved) 


Theorem 13.1.3 
The sum of the lengths of any two sides of a triangle is greater than the length of third 
side. D 
Given AABC as dH 
To prove + hell 
(i) mAB+mAC >mBC \ 
(ii) mAB+mBC >mAC i 
(iii) mBC +mAC >mAB 
Construction \ 
Take a point D on CA such that AD = AB join Bto D 
and name the angles 71, 22 as shown in the given figure. 
Proof 

Statements Reasons 

In AABD, 
41222 __—ii) AD = AB (construction) 
mZDBC > mZ1 (i1) mZDBC = mZ1 +mZABC 
‘-mZDBC> mZ2 (1i1) From.(i) and (11) 
In ADBC 


mCD > mBC By (iti) 

ie. mMAD+mAC >mBC mCD =mAD > mAC 

Hence mAB+mAC > mBC mAD = mAB (Construction) 
Similarly 

mAB+mBC >mAC 

And mBC+mCA > mAB 


Example I 
Which of the following sets of lengths can be the lengths of the sides of a triangle? 
(a) 2cm, 3cm, 5cm (b) 3cm, 4cm, 5cm, (c) 2cm, 4cm, 7cm, 
(a) 24+3=5 
.. This set of lengths cannot be those of the sides of a triangle. 
(b) -.°34+4>5,345>4,44+5>3 
.. This set can form a triangle 
(c) °24+4<7 
.. This set of lengths cannot be the sides of a triangle. 


Example 2 
Prove that the sum of the measures of two sides of a 
triangle is greater than twice the measure of the 
median which bisects the third side. 


Given 

In AABC, median AD bisects side BC at D. 

To prove 

mBC + AC >2mAD. 

Construction 

On AD, Takea point E, such that DE = AD. 

Join C to E. Name the angles 21,2 as shown in the figure. 
Proof 

Statements Reasons 

In AABD <& AECD 

BD=CD Given 

Z1= 242 Vertical angles 

AD=ED Construction 

AABD = AECD S.A.S. Postulate 

AB = EC...(i) Corresponding sides of =As 


mAC +mEC > mAE...{11 ACE is a triangle 
i 


) 
mAC +mAB > mAE.. (ii) From (i) and (ii) 
A 


Hence mAC +mAB > 2mAD 


mAE =2mAD (Construction) 


Example 3 
Prove that the difference of measures of two sides of a triangle is less than the 
measure of the third side. A 
Given 
AABC 
To Prove 


mAC —mAB <mBC 
mBC —mAB <mAC 
mBC —mAC <mAB 
Proof 


Statements Reasons 
mAB+mBC >mAC ABC is a triangle 


(AB +mBC — wrAB - (mAC —mAB ) Subtracting mAB from both sides 


ee mBC > (mAC = mAB) 


ormAC -mAB <mBC...(i) a>b>b<a 
Similarly 

mBC —mAB < a 
mBC —mAC <mAB 


Reason similar to (1) 


(i) 


(ii) 


In AABC 
DE || BC 


If AD=1.5em BD=3cm 
AE=1.3cm, then find CE 


Exercise 14.1 


By substituting the values of AD,BD and AE 


So 
15 13 


g EC 
EC(1.5)=1.3x3 
- 1.3x3 
15 

— 3.9 
15 

EC =2.6cm 


If AD = 2.4cm AE=3.2cm 


EC=4.8cm find AB 
AD AE 

AB AC 

AC = AE+EC 

AC =3.24+4.8 


3 
5 
AC = AE+ EC 
AC=EC+AE 


=~ AC =4.8cm find AE 


(iii) =iIf = 


5 
Sear 

\| 
eR, 


(iv) If AD = 2.4cmAE = 3.2cmDE = 2cmBC = Sem. Find AB. B, AC, CE. 


(2.4)5 = 2(AB) _ E 


DB = AB- AD 
DB =6-2.4 
BD=3.6em 
AD _ AE 
“AB AC 

24 AE 

6 8 


AB = 24 x8 
6 


Fmt 

6 
AE =3.2cm 
CE = AC- AE 
CE =8-3.2 


CE=4.8cm 


If AD-4x—3 AE-8x—7 


Q.2 


BD=3x —1 and CE=5x—3 Find the value of x 
AD _AE 

BD EC 
By putting the value of AD, AE, BD and CE 
4x-3 8x-7 

3X=—1, 3%=-3 D Ee 
By cross multiplying 

(4x -3) (Sx-3) = (8x-7) (3x-1) 

20x? -12x -15x+9 = 24x? — 8x — 21x +7 

20x? — 27x + 9 = 24x? — 29x + 7 

0 = 24x” — 20x? — 29x + 27x +7 —9 B 

Ay’ 97 —~2 =0 

20 =e=1)=0 


2x? — 2x + Ilx-1= 


Nl o 


2x(x-1) + 1(x-1) = 0 
(x-1) (2x + 1) =0 


x-—1=0 2x+1=0 
x=1 2x = - 
1 
x=-—- 
2 


Distance is not taken in negative it is always in positive so the value of x = 1. 


In AABC is an isosceles triangle 7A is vertex angle and DE intersects the sides 
AB and AC as shown in the figure so that 

mAD:mDB =mAE:mEC 

Prove that AADE is also an isosceles triangle. 


Q.3 


Given: 
AABC is an isosceles triangle, ZA is vertex and DE 
intersects the sides AB and AC | 


_AD+BD _AE+EC 
AD EC 

As we know 

AB=AD+BD 

AC =AE+EC 

AB_AC 

AD AE 

From this 


In an equilateral triangle ABC shown in the figure mAE:mAC=mAD:mAB find 
all the three angles of AADE and name it also. 
Given 

AABC is equilateral triangle 

To prove 

To find the angles of AADE 

Solution: 

mAE inAD 

mAC mAB LD IE 
All angles are equal as it is an equilateral triangle which 
are equal to 60° each 

ZA=ZB=ZC 

mBC||mDE 

ZADE = ZABC = 60° 

ZAED = ZACB = 60° 

ZA = 60° 

AADE is an equilateral triangle 


Q.4 Prove that line segment drawn through the midpoint of one side of a triangle and 
parallel to another side bisect the third side 


Given 
AD=BD 


DE||BC 

In theorem it is already discussed that 
AD AE 

BD EC 

As we know AD=BDor BD=AD 
iE 

EC 


Bll 


Q.5 ‘Prove that the line segment joining the midpoint of any two sides of a triangle is 
parallel to the third side A 
Given 
AABC the midpoint of AB and AC are L and 
M respectively 
To Prove 


— — j— 
EM||BC and mLM=—BC 


Construction 
Join M to L and produce ML to N such that 
ML=LN 
Join N to B and in the figure name the angles 
Z1, 22, and 23 
Proof 
Statements Reasons 
ABLN <> AALM 
BL = AL Given 
@2>41er2] = 22 Vertical angles 
NL = ML Construction 


“. ABLN = AALM Corresponding angle of congruent triangles Given 
ZA =2L3 

And NB=AM 

NB||AM 


BCMN is parallelogram 
-. BC ||LMorBC||NL 


(Opposite side of parallelogram BCMN) 


(Opposite side of parallelogram) 


Hence mLM = 5 mBC 


Theorem 14.1.3 


The internal bisector of an angle of a triangle divides the rs 
sides opposite to it in the ratio of the lengths of the sides # 


containing the angle. 
Given 


In AABC internal angle bisector of 7A meets CB at the 


points D. 
To prove 


mBD:mDC=mAB:mAC 
Construction 


Draw a line segment BE||DA to meet CA Produced at E 


Proof 
Statements 


-* AD||EB and EC intersect them 


But m41 =mZ3 
.mz2=m24 


And AB= AEorAE = AB 
Now AD|| EB 


; mBD _ mEA 
““mDC mAC 


,.mBD _mAB 
mDC mAC 
Thus mBD:mDC=mAB:AC 


Reasons 
Construction 
Corresponding angles 


Alternate angles 

Given 

From (i) and (ii) 

In a A, the sides opposite to congruent angles 
are also congruent 

Construction 

A line parallel to one side of a triangle and 
intersecting the other two sides divides them 
proportionally. 


mEA=mAB (proved) 


Theorem 14.1.4 
If two triangles are similar, then the measures of their corresponding sides are 


proportional 
A 
D 
L M 
B e 
Given 
AABC ~ ADEF 
ieZA=ZD. #B=Z7E and £C= 27 
To Prove 


mAB mAC_ mBC 

mDE 7 mDF 7 mEF 

Construction 

(1) Suppose that mAB> mDE 

(I) mAB<mDE 

On AB take a point L such that mAL=mDE 
On AC take a point M such that mAM=mDF 


Join L and M by the line segment LM 
Proof 


Statements Reasons 
In AALM<> ADEF | 
ZA=ZD | Given 


AL=DE Construction 


AM= DF Construction 

Thus AALM = ADEF S.A.S Postulate 

And ZL = ZE, 2M= ZF (Corresponding angles of congruent triangles) 
Now ZE = 2B and ZF = ZC Given 

. ZL= ZB, ZM= ZC Transitivity of congruence 

Thus LM ||BC Corresponding angles are equal 

A line parallel to one side of a triangle and 
intersecting the other two sides divides them 
proportionally. 


mAL=mDEand mAM=mDF ( Construction) 


Similarly by intercepting segments on 
BA andBC , we can prove that 

mDE _ mEF 

mAB mBC 


mDE mDF_ mEF 
Thus ——= = ——=> = —== 
mAB mAC mBC 
Or mes on. as By taking reciprocals 
mDE mDF mEF 
If mAB=mDE 


By (i) and (ii) 


Then in AABC <> ADEF 
(Il) If mAB<mDE, it can similarly be 
proved by taking intercepts on the sides of 


ADEF 

Sha #T 

7B = ZE 

And AB=DE 

So A ABC = ADEF AS.A=AS.A 

Thay 223 Sie _ MBG _, AC=DF, BC=EF 
mDE mDF mEF 

Hence the result is true for all the cases. 


Q.2 


Exercise 14.2 


In AABC as shown in the figure CD bisects “C and meets AB at DmBD is equal 
to 


(a) 5 (b) 16 (c) 10 (d) 18 
mBD  mBC 
mDA  mCA 
BD 10 
6 12 
Bp 47 opp = 1x8 £7 
Ay 
BD=5 


In AABC shown in the figure CD bisects 7C. If mAC=3, CB=6 andmAB=7 
then find mADandDB 


~] 

| 

~* 
Aw 


B 


WN hd 
a Ms OM 


~ 

| 
|| WIN 
© 

a 

> 

| 
win 


fe 
ul 


Q.3 


Show that in any corresponding of two triangles if two angles of one triangle are 


congruent to the corresponding angles of the other, then the triangle are similar 


Given 

AABC and A DEF 
ZB=ZE 
ZC=ZF 

To Prove 

AABC = ADEF 
Proof 


Statements Reasons 


ZA 


ZB + ZC = 180° Sume of three angles of a triangle = 180° 


ZD)+ ZE +E = 180 


LAE ZD 
ZB= ZE 
ZC = ZF 


Hence A ABC = ADEF 


mAX a mCX 


Q.4 If line segment AB and CD are intersecting at point X and sis then 
mXB mxXD 
show that AAXC and ABXD are similar ( B 
Given 
Line segment AB andCD intersect at X 
mAX mCX 
mXB  mXD 
To Prove 
ACXA and ADXB are similar 
Proof 
as Given 
XB XD 
Z1=Z2 
AC||BD Vertical angles 
ZA=mZB 
mZC=m2ZD Alternate angles 
Hence proved the triangle are similar 


Q.1 
(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
(viii) 
(ix) 
(x) 


Q.2 
(i) 


(i 


(iii) 


(iv) 


Q.3 
(i) 


Review Exercise 14 


Which of the following are true which are false? 


Congruent triangles are of same size and shape. (True) 
Similar triangles are of same shape but different sizes. (True) 
Symbol used for congruent is ‘~’ (False) 
Symbol used for similarity is « =’ (False) 
Congruent triangle are similar (True) 
Similar triangles are congruent (False) 
A line segment has only one midpoint (True) 
One and only one line can be drawn through two points (True) 
Proportion is non equality of two ratio (False) 
Ratio has no unit (True) 
Define the following 

Ratio 


: . er : = a 
The ratio between two a like quantities is defined as a: b= 3 where a and are the elements of 


the ratio. 
Proportion 
Proportion is defined as the equality of two ratio i,ea:b=c:d 


Congruent Triangles 


Two triangles are said to be congruent (symbols =) if there emits a corresponding betweet 
them such that all the corresponding sides and angles are congruent. 
Similar Triangles 


If two triangles are similar then the measures of their corresponding sides are proportional. 


In ALMN shown in the figure MN||PQ 

If mLM = Scm, mLP=2.5cem 

mLQ = 2.3 cm then find LN " 
mLP mLQ 


M N 


(ii) If mLM = 6cm , mLQ = 2.5cm 
mQN = 5cm then find 
mLP 
mLP m0 
mLM mLN : 
LP 2.5 
6 LN 
LN=LQ+QN 


LN =2.545 P 0 


75 _ 


Q.4 In the show figure let mPA = 8x —7 mPB = 4x —3 mMAQ=5x-3 


mBR =3x-—1 find the value of x if AB||OR 
mPA _ mBP 


8x —7 _ 4x —3 

5x-3 3x-]l 

By cross multiplying 

(8x—7)(3x—1) =(4x—3)(5x—3) 

24x” —8x —21x+7 = 20x? -12x—-15x+9 
24x? —29x +7 = 20x? —27x+9 

24x’ — 20x? —29x+27x+7-9=0 

4x” —2x -2=0 

4x? —4x+2x-2=0 
4x(x—1)+2(x-1)=0 


(x-1)(4x+2)=0 
x—-1=0 


Q.5 


Q.6 


= 
x=— 
2 


Length is always taken as positive not negative so value of x = | 


In ALMN Shown in figure LA bisects “L. If mLN=4m mLM =6cmmMN =8 then find 
mMA and mAN 
aA ‘mn 


mAN  mLN 
MA=x 
AN = 8-x 
x 6 


8-x 4 
4x = 6(8—x) 


4x = 48-6x 
4x+6x = 48 
10x = 48 
er hia 

10 
x=48cm 
mMA =4.8cm 
MN = MA+ AN 
8=4.8+AN 
8-4.8=AN 
AN =3.2cm 


In Isosceles APQR Shown in the figure, find the value of x and y 
As we know that it is isosceles triangle 


So 


PQ=RP 10cm 


x= 1Ocm O 


PM LOR 

So it bisects the side and bisects the angle also 
SO QM=MR 

6=y 

Or 


y= 6cm 


Unit 14: Ratio and Proportion 


Overvie 


Theorem 14.1.1 


A line parallel to one side of a triangle and intersecting the other two sides divides 
them proportionally. 

Given: —_ 
In AABC, the line ¢ is intersecting the sides AC 
and AB at points E and D respectively such that 
ED||CB 

To Prove 

mAD:DB=mAE:mEC 

Construction: 

Join B to E and C to D From D draw DM LAC 


and from E draw EL_| AB 
Proof 


Statements Reasons 


In triangles BED and AED, EL is the 
common perpendicular 


”. Area 


—_- = . ] : 
ofABED = > mBDx mEL (i) Area ofa A os (base)(height) 


andArea of AAED =< xm AD x mEL........{ii) 


Thus Area o 


p ABED _mDB 


a Dividing (1) by (ii 


Similarly 


Area of ACDE - mEC 
AADE mAE 


Area of 


(Areas of triangles with common base and 


But ABED = ACDE same altitudes are equal. Given that ED||CB, 


so altitudes are equal). 


.. From (iil) and (iv) We have 


mDB 7 


mEC 
‘ 


Taking reciprocal of both sides. 
mEC 


Hence mAD:mDB=mAE:mEC 


Theorem: 14.1.2 Converse of Theorem 14.1.1 
If a line segment intersects the two sides of a triangle in the same ratio, then it is 
parallel to the third side. 

Given 
In AABC, ED intersect AB and AC such that 


mAD: DB =mAE:mEC 


To Prove 
ED|\|CB 
Construction 
If ED/CB then draw BF\|DE to meet AC / _ 
Produced at F ro 
Proof 
| Statements Reasons 
In AABF 
DE || BF Construction 
mad wii - (A line parallel te one side ofa triangle divides 
> = —.......... (i) the other two sides proportionally Theorem 
mDB mi 14.1.1) 
ut _ $i sei soveurand (il) Given 


mDB mEC 
_mAE 7 mAE 
"mEF  mEC 
or MEF =mEC, 
This is possible only if point F is coincident 
with C, 
.. Our supposition is wrong 
Hence ED||CB 


From (1) and (11) 


(Property of real numbers) 


Exercise 15 


Q.1 Verify that the As having 
the following measures of sides are 
right-angled to verify weather the As are 
right angled or not we use Pythagoras 
Theorem 

(Hypotenuse)” = (base)’ + (Perpendicular) 


(i) a=5cem 
b = 12cm 
c= 13cm 
a? = 25cm? 
b? = 144cm? 
c= 169m? 
Larger Size is Hypotenuse So 
169 = 25 + 144 
169 = 169 
L.HS=R.HS 
So it is right angled triangle 


(ii) a= 1.5¢m 
b=2cm 
c = 2.5em 
a’ = 2.25cm? 
b? = 4cm? 
ce? = 6.25 
6.25 =2.25+4 
6.25 = 6.25 
L.H.S =R.H.S 


So it 1s right-angled triangle 


(iii) a=9cm 
b = 12cm 
c= 15cm 
a’ = 81cm? 
b? = 144cm? 
c = 225cm? 
225cm? = 8.lcm+ 144cm 
225cm? = 225cm? 
L.H.S =R.H.S 
So it is right angled triangle 


(iv) a=16cm 
b = 30cm 
c= 34cm 
a’ = 256cm? 
b? = 900cm 
c? = 1156cm? 


1156 = 256 + 900 

1156 = 1156 

L.H.S =R.HS 

It is right angled triangle 


Q.2. Verify that a’ +6’,a°—d° and 
2ab are the measures of the sides of a 
right angled Triangle where a and b are 
any two real numbers (a >b) 

Let a=zand b=] 

a’ +b? =(2) +(1) =441=5 

a’ —6? =(2) -(1) =4-1=3 

2ab = 2(2)(1)=4 

Since a’ + A’ is the largest side so 

a +b°will be hypotenuse 

B 


A 2ab C 
So 


(aa) = (20) +(e) 
(Ga +b) = (2aby +(a° —b) 


a’ +b*+2a’°b’ = 4a’°b’ +a* +b -2a’°b’ 


eo! 


5 


a’ +b*+2a°b’ =a° +b*+2a°b’ 
L.H.S=RHS 
It is proved that it is a right angled triangle 


Q.3. The three sides of a triangle are 
of measure 8, x and 17 respectively. For 
what value of x will it become base of 
right angled triangle by Pythagoras 


theorem 
B 


(4B) (ac) +(Be) 
(17) =(x)' +08) 

289= x +64 

289 —64=x" 

x* = 225 

Taking square root both side 
Vx? =/225 


x=15 


Q.4___‘In an isosceles A the base 
BC =28cm and 
AB = AC =50cm 


If AD | BC then find 
A 


Db 
2Sem 


(i) Length of AD 
Solution: 
AD | BC 
So BD=CD 


i 1 
—BC == (28 
: 3 8) 


iBe =14 

2 

So 

BD=CD= 14 


(AB) =(BD) +(AD) 
2500 =(14) +(AD) 
2500 =196 + (AD) 

\ 2500-196 =(AD) 


(AD) = 2304 


Taking square root on both side 


(ii) Area of A ABC 
Area of A ABC = : (base) 
(height) 
| 
=— (28) (48 
- (28) (48) 


= (14) (48) 
= 672 cm? 


Q.5 Ina quadrilateral ABCD the 


diagonals AC and BD are 
perpendicular to each other. 
Prove that 


> 9 2 


(4B) «(CD = (a) + (Be) 


AAOB 
D 


B 
(4) -(08) +(047 > 
ABOC 
(Bc) =(08) +(oC) ———-> (ii 
ACOD 
(CD) =(oD) +(oc) ———-> Gii) 
ADOA 
(4D) = (Oa) + (oD) > (iv) 
By adding (i) and (111) 
(48) (Dy (0H) (24) (00) (AC) (9 
By adding (ii) and (iv) 
(aDy «(BC ~(0) (cy (cH) (ODP 


By comparing v and vi 


(13) (CD) = (4D) +(e) 


Hence proved 


Q.6 


the AABC as shown in the figure 


mZACB = 90° and CD | AB find the 
length a, h and b if m&/D=5 units and 
mAD =7 units 


(i) 


AACB 
(7+5) =(b) +(a) 
a+b? =(12) 
a’ +b’ =144 (i) 
AADC 
(by =(7) +(hy 
b’ -h’ =49 (ii) 
ACDB 
a’ =(5) +(Ay 
og -h’ =25 (iii) 
Subtracting ii from iii 
a®— jf =25 
+h? + ff =+49 
a —b’ =- 
*-b° =-24 (iv) 
Adding equation I and IV 


a+ # =144 
a — pf =-24 


Taking square root both side 


(i) 


(ii) 


(ii) 


BX D5 
(13) =(5)' +(4D) 


169=25+(4D) 


Ja? =.J4x15 
@=2/15 


Putting the value of a in equation 


(2v15) +b°=144 
Prime factor 
4x15+b° =144 
60 + 6? = 144 

b* =144—60 

b° =84 

Bf =4%21 
2x2*21 

4x21 

Taking square root both side 
b? =J4x21 

b=2V21 


Putting the value of b in equation 


(2v2i) _h? =49 
4x21-49=h" 

h? = 84-49 

I? = 35 

Taking square root both side 
Vi? = 35 

h= 35 


Find the value of x in the shown 
figure 
From AADC 


(4c) - cae +(4D) 


l3cm 


Sem S 


169-25 = (4D) 


(AD) =144 


Taking square root both side 


(a) = fo 


=12 
ee A ADB 


(4B) =(Bpy +(4D) 
(15) =x? +(12)° 


225=x" +144 
995-144=%" 
x =8] 


Taking square on both side 


Vx? =V81 
x=9 


Q.7 A plane is at a height of 300m 
and is 500m away from the airport as 
shown in the figure How much distance 
will it travel to land at the airport? 
AABC is right angle triangle 


(AB) =(BC) +(AC) 
(AB) =(500)' +(300) 
A 


300m 


B 500m c 
Airport 


(4B) = 250000 + 90000 
(4B) =340000 
(4B) = 1000034 


Taking square root on both side 
(4B) =/10000x34 
= 100V34m 


Q.8 A ladder 17m long rests against a 
vertical wall. The foot of the ladder is 
8m away from the base of thewall. How 
high up the wall will the ladder reach? 


By Path agoras 
C 


ladder wail 


(BC) = 225 

Taking square root on both side 
aa _ 

(BC) 9=N225 


BC =15m 
The height of wall = BC =15m 


Q.9 A student travels to his school by 
the route as shown in the figure. 
Find mAD, the direct distance 
from his house to school. 
Solution: 

As we know that in rectangular opposite 

sides are equal so 


School gD 


Bus stop 
B 6km 


House 


School 


DE = DC+CE 


.. We get triangle 
A ADF which is right angled 
triangle 


Taking square root on both side 
(4D) =Jéi 


AD = Jéelkm 


Q.1 
(i) 

(ii) 
(iii) 
(iv) 


(v) 
(vi) 


Q.2 
(i) 


(ii) 


(iii) 


Review Exercise 15 


Which of the following are true and which are false 


In a right angled triangle greater angle is of 90° (True) 

In a right angled triangle right angle is of 60° (False) 

In a right triangle hypotenuse is a side opposite to right angle (True) 

If a,b,c are sides of right angled triangle with c as longer side then c 

C=a +h? (True) 

If 3cm and 4cm are two sides of a right angled triangle, the hypotenuse is 5cm (True) 

If hypotenuse of an isosceles right triangle is V2 cm then each of other side is of length 2c! 
(False) 


Find the unknown value in each of the following figures. 


By Path agoras theorem 

(Hypotenuse) = (Base)* + (Perpendicular)? 

(xy =GyY +4 

xe =9 + 16 

= 25 x 
Taking square root on both side 4 


vx? = 25 


x=S5cm 3em 


By Pythagoras theorem 


(Hypotenuse) =(Base) +(Perpendicular) 


(10) =(x) +(6) 


100 = x’ +36 
100-36=x° 6cm 10cm 
x? = 64 


Taking square root on both side 


x=8cm 
By Pythagoras theorem 


> 


(Hypotenuse) =(Base) +(Perpendicular) 


(13) =(3) +(x) 


169 =254+x° 

B 13cm 
169-25=x° 
x’ =144 


Scm 


Taking square root on both side 


(iv) 


Ve =i 


¥= 120m 


By Path agoras theorem 


(Hypotenuse) =(base) +(Perpendicular) 


(v2) =() +0) 


2=1+x 
2-1=x* 
ee | 


Taking square root on both side 


Vt =i 


x= lem 


lem 


Unit 15: Pythagoras Theorem 


Theorem 15.1.1 
In a right angled triangle, the square of the length of hypotenuse is equal to the sum of 
the squares of the lengths of the other two sides 


(ii)-e (ii) 


Given 


A ACB ts a tight angled triangle in which m7C = 90° and mBC=\a, mAC =b and 
m AB =c 

To prove 

@=g? +5? 

Construction 

Draw CD perpendicular from C on AB 

LetmCD=h, mAD=x and mBD=y. Line segment CD splits AABC into 
two As ADC and BDC which are separately shown in the figures 

(11) —a and (ii) —b respectively 


Proof (using similar As) 


In A ADC <= A ACB Refer to figure (i1)-a and (i) 
ZA=ZA Common — Self Congruent 


ZADC = ZACB Construction- given each angle = 90° 
ZC=ZB ZC and 7B complements of ZA 


-. AADC ~ AACB 
i 
Cc 


or fot (1) 
c 


Again in ABDC — ABCA 
ZB = ZB 

ZBDC = ZBCA 
ZC=ZA 

“. ABDC ~ ABCA 


or y= (ii) 
Cc 


Bul yt+x=¢ 


i-e C =a’ +b’ 


Congruency of three angles 
(Measures of corresponding sides of similar triangles 


are proportional) 


Refer to figure (11)-b and (i) 

Common — self Congruent 
Construction — given each angle = 90° 
ZC and ZA complements of 7B 
Congruency of three angles 


(Corresponding sides of similar triangles are 


proportional) 


Supposition 


By (i) and (ii) 


Multiplying both side by ¢ 


Theorem 15.1.2 Converse of Pythagoras Theorem 15.1.1 


If the Square of one side of a triangle is equal to the sum of the square of the other two 


sides then the triangle is a right angled triangle 


Given 


In a AABC , mAB=c,mBC =a,mAC =b 


Such that a? +b? =c’ 


To prove 


AACB is a right angled triangle 


Construction 


Draw CD perpendicular to BC Such that 


CD=CA. Join the points B and D 
Proof 


Construction 


ADCB is a right angled triangle 


& (mBD) =a’ +b Pythagoras theorem 


Given 


But a° +b? =c’ 


».(mBD) =c’ 


Taking Square root on both sides 


Or mBD =c 


Now in ADCB — AACB 


CD= CA Construction 
BC= BC Common 

DB= AB Each side = ¢ 
..A DCB = A ACB S.8.8=58.8.8 


. (Corresponding angles of congruent 
“.A DCB = ZACB 
triangle) 

But mZ DCB = 90° Construction 


“.mZ ACB = 90° 


Hence the A ACB is a Right angled triangle 


Exercise 16.1 


Q.1 Show that the line segment joining the midpoint of opposite sides of a 
parallelogram divides it into two equal parallelograms. 
Given D M C 
ABCD is a parallelogram. L is the 
midpoint of AB and M is the 
midpoint of DC 
To prove 
Area of parallelogram ALMD = area of 
parallelogram LBCM. 
Proof 


Statements Reasons 


Opposite sides of parallelogram 
ABCD. 


AL =LB ...(i) L is midpoint of AB 
The parallelograms ALMD and LBCM re on equal | From equation (i) 


AB|DC 


bases and between the same parallel lines AB and 

DC 

Hence area of parallelogram ALMD= area of They have equal areas 
parallelogram LBCM. 


Q.2. Ina parallelogram ABCD, m AB =10em the altitudes Corresponding to Sides AB 
and AD are respectively 7cm and 8cm Find AD 
AB =10cm 
DH =7cm 
MB =8cm 
AD =? 
Formula 


Area of parallelogram = base x altitude 
AB x DH = AD x IB 10cm 


— = AD 

4 

Ip- 2 
4 

Or 


AD =8.75cem 


Q.3 If two parallelograms of equal areas have the same or equal bases, their altitude 
are equal 
D C p O 
In parallelogram opposite side and opponents angles are Congruent. 
Given 
Parallelogram ABCD and parallelogram MNOP 


OD is altitude of parallelogram ABCD 
PQ is altitude of parallelogram MNOP 


Area of ABCD |" =~ Area of MNOP 


gm 


To prove 
mOD =m PQ 


Proof 


Area of parallelogram ABCD= Given 


Area of parallelogram MNOP 
Area of parallelogram= base x height Given 
AB x OD = MN x PQ 
We know that 


AB= MN 

So 

AB x OD = PQ Proved 
AB 

OD = PO 


Theorem 16.1.3 
Triangle on the same base and of the same (i.e...equal) altitudes are equal in area 


Given M A D 
A’s ABC , DBC on the 


Same base BC and 
having equal altitudes 
To prove 

Area of (AABC) = area 
of (ADBC) 


Construction: 


Draw BM || toCA ,CN || to BD meeting AD produced in M.N. 


Proof 


Reasons 


Statements 
AABC and ADBC are between the same |’ 


Hence MADN is parallel to BC 


:. Area ||?" (BCAM)= Area |*" (BCND) 
But AABC= 5 =" (BCAM)------(ii) 
And ADBC=> =" (BCND)-----(iii) 


Hence area (AABC) = Area( ADBC) 


Their altitudes are equal 


gm 


These are on the same base 


Ss 


BC and between the same 


gm 


Each diagonal of a 


Bisects it into two congruent triangles 


From (i) (ii) and (iii) 


Theorem 16.1.4 


Triangles on equal bases and of equal altitudes are equal in 


area. 


Given 


As ABC, DEF on equal bases BC ,EF and having altitudes equal 


To prove 
Area (AABC) = Area ( ADEF) 


Construction: 


Place the As ABC and DEF so that their equal bases BC and EF are in the same 


straight line BCEF and their vertices on the same side of it Draw BX ca and FY 


[ED meeting AD produced in X, Y respectively 


Proof 


Statements 


Reasons 


AABC, ADEF are between the same parallels Their altitudes are equal (given) 


-.XADY is I" to BCEF 


These * are on equal bases and between 
“area |" (BCAX) = A area |" (EFYD)----(1) 


the same parallels 


But AABC=— "" (BCAX)----(i1) Diagonal of a |" bisect it 


l ou 
And area of en area of |*" (EFYD) (111) 


“. area (AABC) = area (ADEF) From (i),(ii)and(ii1) 


Exercise 16.2 


Show that p_@ A P 
Given 

AABC,O is the mid point of 

BC 

OB = OC 

To prove 

Area AABO = area AACO 

Construction B O C 


Draw DE || BC 
CP||OA 
BO||OA 
Proof 


Statements Reasons 
BO|| OA Construction 


OB || AO Construction 
I" BOAQ Base of same 


=" COAP Parallel line of DE 
OB = OC O is the mid point of BC 
Area of le" BOAQ= Area of ha COAP ... (i) 


Area of AABO -> Area of||°" BOAQ 


I 
Area of AACO= = Area of ||°" COAP 
Area of AABO = Area of AACO Dividing equation (i) both side by (ii) 
So median of a triangle divides it into two triangles of equal area. 


Q.2. ‘Prove that a parallelogram is divided by its diagonals into four triangles of equal area. 


Given: 

In parallelogram ABCD, ACand BDare its diagonals, 
which meet at I 

To prove: 

Triangles ABI, BCI CDI and ADI have equal areas. 
Proof: 

Triangles ABC and ABD have the same base ABand 
are between the same parallel lines ABand DC .. they 


have equal areas. 
Or area of AABC =area of A ABD 


Q.3 


Or area of A ABI + area of A BCI= area of A ABI+ area of A ADI 
= Area of A BCI = area of A ADIT... (i) 

Similarly area of A ABC = area of A BCD 

=> Area of A ABI +area of A BCI = area of A BCI + area of A CDI 
= Area of A ABI = area of ACDL... (ii) 


As diagonals of a parallelogram bisect each other I is the midpoint of AC so Blisa 
median of A ABC 
.. Area of A ABI = area of A BCI... (111) 
ACDI = AAOT 
Bl=DI 
Area of A ABI = area of A BCI = area of A CDI= area of A ADI 


Divide a triangle into six equal triangular parts 
Given 

AABC 

To prove 

To divide AABC into six equal part triangular parts 
Construction 

Take BP any ray making an acute angle with BC draw six arcs of the same radius on 
BP i.e mBd = mde =mef =mfg =mgh = mhce 
Join c to C and parallel line segments as 


rs 


hH 


2G 


fl 


er 


do 


Join A to O;E,F,G,H 

Proof 

Base BC of AABC has been divided to six equal parts. 
We get six triangles having equal base and same altitude 


Their area is equal 
Hence ABOA= AOEA= AEFA= AFGA= AGHA= AHCA 


Q.1 
(i) 
(ii) 
(ili) 
(iv) 
(v) 
(vi) 


Q.2 
(i) 


(ii) 


(iii) 


Review Exercise 16 


Which of the following are true and which are false? 


Area of a figure means region enclosed by bounding lines of closed figures. (True) 
Similar figures have same area. (False) 
Congruent figures have same area. (True) 
A diagonal of a parallelogram divides it into two non-congruent triangles. (False) 
Altitude of a triangle means perpendicular from vertex to the opposite side (base). (True) 
Area of a parallelogram is equal to the product of base and height. (True) 


Find the area of the following. 


Given 

Length of rectangle = £=3cm 
Width of rectangle = w = 6cm 
Required: 


Area of rectangle =? 6cm i | 
Solution: 


Area of rectangle = length « width 
= 3cm * 6cm 
= Area of rectangle = 18 cm?’ 


Given 

Length of square = ¢=4cm A4cm 
Required: 

Area of square =? 

Solution: 

Area of square = £ x £ 

=} 

= (4cmy’ 


= Area of square = 16cm? 


7 scm 
Given 


Height of parallelogram = 4cm 
Base of parallelogram = 8cm 
Required: - 
Area of parallelogram = ? 

Solution: 

Area of parallelogram = b x h 


=8cm x 4cm 


=> area of parallelogram = 32 cm? 
(iv) 
Given: 
Height of triangle = h = 10 m 
Base of triangle = b = 16cm 
Required: 
Area of triangle =? 
Solution: | 


Area of triangle = > bxh 


—- e7 
= 8cm x 10cm 
=80em? 


x * 16 cmx10em 


Q.3__ Define the following 


(i) Area of a figure 
The region enclosed by the bounding lines ofa closed figure is known as area of the figure. 


(ii) Triangular Region 
A triangular region is the union of a triangle and its interior i-e three line segments forming 
the triangle and its interior 


(iii) Rectangular Region 
A rectangular region is the union of a rectangle and its interior. A rectangular region can be 


divided into two or more than two triangular regions in many ways. 


(iv) Altitude or Height 


If one side of a triangle is taken as its base, the perpendicular distance form one vertex 


opposite side is called altitude of triangle. ADis its altitude. 
A 


Unit 16: Theorems Related With Area 


Overvie 


Theorem 16.1.1 
Parallelograms on the same base and between the same parallel lines (or of the same 
altitude) are equal in area 
Given FE D E 
Two parallelograms ABCD and ABFF having 
the same base AB between the same parallel 
lines AB and DE 
To prove 
Area of parallelogram ABCD=area of 
parallelogram ABEF A B 


Proof 


Statements Reasons 


Area of (parallelogram ABCD) = 
Area of (Quad. ABED) + Area of (A CBE)... (1) [Area addition axiom] 


Area of (parallelogram ABEF) 
= Area of (Quad. ABED) + Area of (A DAF)... (2) | [Area addition axiom] 


In As CBE and DAF 
mCB =mDA 

m BE =mAF 
m Z CBE = m Z DAF 
A CBE = ADAF 
Area of (A CBE) area of (A DAF)... (3) 


Hence area of (Parallelogram ABCD) = area of 
(parallelogram ABEF) 


[opposite sides of a Parallelogram] 
[opposite sides of a Parallelogram] 
(:. BC [aD BE|AF | 

[S.A.S Cong.axiom] 


[Cong. Area axiom] 


From (1),(2) and (3) 


Theorem 16.1.2 
Parallelograms on equal bases and having the same (or equal) altitude area equal in 
area. 

Given : A D | 
Parallelogram ABCD, EFGH are on equal base BC, 
FG having equal altitudes 

To prove 
Area of (Parallelogram ABCD)= area of 
(parallelogram EFGH) 


Construction 


Place the parallelogram ABCD and EFGH So that their equal bases BC,FG are in 


the straight line BCFG. Join BE and CH 
Proof 


Statements 


Reasons 


The give 11'"® ABCD and EFGH are between the same 
parallels 


Hence ADEH is a straight line | to BC 
- mBC =mFG=mEH 
Now m BC =m EH and they are|| 


. BE and CH are both equal and | 
Hence EBCH is a Parallelogram 


Now |? ABCD = |" EBCH ~(i) 
But |" EBCH = |* EFGH - (ii) 
Hence area ||*" (ABCD)= Area ||*" (EFGH) 


Their altitudes are equal (given) 


Given 


EFGH is a parallelogram 


A quadrilateral with two opposite 
side congruent and parallel is a 
parallelogram 

Being on the same base BC and 
between the same parallels 

Being on the same base EH and 
between the same parallels 


From (1) and (it) 


Q.1 


(i) 


eee 
HL. 


(ii) 


Exercise 17.1 


Construct a AABC in which 


mAB=3.2cm mBC =42can mCA=5.2cm 
C 


S.2cm 4.2c¢m 


A 3.2cm B 

Draw a line segment mAB =3.2cm 
Taking A as centre draw an are of 
radius 5.2cm. 

Taking B as centre draw an arc of 
radius 4.2cm to cut at point C. 

Join C to A and C to B. 

Thus AABC is the required triangle. 


mAB=4.2cm mBC =3.9cm mCA=3.6cem 


3.6¢m 3.9em 


A 42cm B 


Draw a line segment 


mAB =4.2cm 
Taking A as centre draw an arc 


of radius 3.6cm. 


eee 
Ill. 


iv. 


(iii) 


(iv) 


Taking B as centre draw an arc of 
radius 3.9cm to cut at point C. 
Join C to A and C to B. 

Thus AABC 1s the required triangle. 


mAB=48on mBC =3.7an mZB=0? 


A 4.8cem B 
Draw a line segment mAB = 48cm. 
Taking B as centre draw an angle 
of 60°. 

Taking B as centre draw an arc of 
radius 3.7cm cutting terminal side 
of 60° at C. 

Join C to A. 

Thus AABC is the required triangle. 


mAB =3cm mAC =3.2cm mZA=45° 


A 3cm B 


Draw a line segment mAB =3cm. 


Taking A as centre draw an angle of 
45°. 


ses 
Hl. 


(v) 


eee 
Ill. 


(vi) 


. 
1. 


Taking A as centre draw an arc of 
radius 3.2cm to cut the terminal 
side of angle at C. 

Join C to B. 

Thus AABC is the required triangle. 


mBC =4.2cm mCA=3.5am MAC =T 


B 4.2¢m C 
Draw a line segment mBC = 4.2cm. 
Taking C as centre draw an angle 
of'75°. 
Taking C as centre draw an are of 
radius 3.5cm. 
Cutting the terminal side of angle 
at A. 
Join A to B. 
Thus AABC is the required triangle. 


mAB=2.5a¢m mZA=30 mZB=108° 


A 25cm 8B 


Draw a line segment mAB = 2.5em. 


iii. 


iv. 


(vii) 


Q.2 


(i) 


Taking A as centre draw an angle of 
30°. 

Taking B as centre draw an angle of 
1Os™, 

Terminal sides of these two angles 
meet at C. 

Thus AABC is the required triangle. 


mAB=3.6cm mZA=78-mZB=45° 


A 3.6cm B 

Draw a line segment mAB =3.6cm. 
Taking. A as-.centre draw an angle 
of 7)... 


Taking B as centre draw an angle 
of 45°. 

Terminal sides of these two angles 
meet at point C. 

Thus AABC is the required triangle. 


Construct a AXYYZ in which 


mYZ =7.6cm mXY =6.1om mZX =90° 


xX 6.lem ¥ 


lil, 


(ii) 


eee 
Ill, 


iv. 


(iii) 


Draw a line segment mXY =6.lem. 

Taking X as Centre draw an angle of 
90°. 

Taking Y as Centre draw an arc of 
radius 7.6cm to cut terminal sides 
of angle at Z. 

Join Y to Z. 

Thus AXYZ is the required triangle. 


mZX = 64cm mYZ - 24cm mZY =90° 


Y 24cm Z 
Draw a line segment mYZ =2.4cm. 
Taking Y as centre draw an angle 
of 90°. 
Taking Z as centre draw an arc of 
radius 6.4cm. Which cuts the 
terminal side of angle at X. 
Join X and Z. 
Thus AXYZ is the required triangle. 


mXY =5.5em mZX =4.5em mZZ —90° 


Zz 4.5¢em x 


eee 
Hl, 


iv. 


Q.3 


(i) 


Draw a line segment 4.5cm. 
Taking Z as centre draw an angle 
of 90°. 

Taking X as centre draw an arc of 
radius 5.5cm. Which cut the 
terminal side angle at Y. 

Join Y to X. 

Thus AXYYZ is the required triangle. 


Construct a_ right angled A 
measure of whose hypotenuse is 
Scm and one side is 3.2 cm 

M 


Sem M 


N 
Construction: 
Draw a line segment mAB=5cem 
Bisect AB at M. 
Taking M as centre take a radius 
AM or BM and draw a semicircle. 


Taking A as centre draw an arc of 
radius 3.2cm cutting semicircle at 
Ce 

Join C to A and C to B. 

Thus AABC is the required right 
angled triangle. 


Construct right angled isosceles 
triangle whose hypotenuse is 


5.2cm long 


eee 
Ill. 


(ii) 


A 


5.2cm 


Construction: 
Draw a line segment mAB =5.2cm. 


Bisect AB at point M. 

With M as centre draw a semi 
circle of radius AM or BM which 
intersects the right bisector at C. 
Join A to C and B to C. 

AABC is the required right angled 


isosceles triangle with mZC =90° . 


4.8cm long 


A 48cm 


ses 
ill. 


(iii) 


Take a line segment mAB=4.8cm. 
Bisect AB at point M. 

Taking M as centre draw a semi 
circle of radius AM or MB which 
intersects the right bisector at C. 
Join A to C and B to C. 

Thus ABC is the right angled 


isosceles triangle with ZC =90°. 


6.2 cm 


6.2cm 


Take a line segment mAB =6.2cm. 
Bisect AB at point M. 

Taking M as a centre draw a semi 
circle of radius AM or BM which 
intersects the right bisector at C. 
Join A to C and B to C. 

Thus AABC is the right angled 
isosceles triangle with ZC =90°. 


(iv) 


Q.5 


5.4 cm 


A 5.4cm 


Construction: 


Take a line segment mAB =5.4cm. 


Bisect AB at point M. 

Taking M as a centre draw a semi 
circle of radius AM or BM which 
intersects the right bisector at C. 
Join A to C and B to C. 

Thus AABC is the right angled 


isosceles triangle with 7C = 90°. 


(Ambiguous case) Construct a A 


ABC in which 


mAC =4.2cem mAB =5.2cm mZB = 45° 


5.2cm B 


Construction: 
i. Draw a line segment mAB = 5.2cm. 
ii. At the end point B of BA make 
¥B AS, 
ili. With centre at A and radius 4.2cm 


draw an are which cuts BD in two 


distinct points C and C’. 


iv. Draw AC and AC ' 
“. AABC and AABC are required 


triangles. 


(ii) mBC =2.5cm mAB=5em = mZA=30° 


B Sem A 
Construction: 
i. Take a line segment mAB =5cem. 
ii. At the end point A of 4B make 
mZA = 30°. 


ili. Taking B as centre draw an arc of 


radius 2.5cm which touch as AD at 
point C. 

iv. Join B to C. 
.. AABC is required triangle. 


(iii) mBC =5em =mAC =3.5em mZB =60° 


lll, 


B 
Construction: 


scm C 


Take a line segment mBC =5cm. 
At the end point B of BC make an 
angle of 7B = 60°. 

Taking C as centre draw an arc of 
radius 3.5em which does not 
touches or intersects BX at any 
point. 

.. AABC is not possible. 


Q.1 


(i) 


Exercise 17.2 


Construct the following A’s ABC. 
Draw the Bisector of their angle 
and verify their Concurrency. 


mAB=4.5cem mBC = 3.lem mCA= 5.2cm 


(ii) 


Draw a line segment m AB = 4.5cm 


Taking B as centre draw an arc of 
mBC =3.lcem. 

Taking A as centre draw a arc 
mAC =5.2emto cut C. 

Join C to B and C to A. 

Draw the angle bisectors of 
ZA,7B and ZC meeting each 
other at the point I. 

All the angle bisectors pass through 


point I. hence angle bisectors of 


AABC are concurrent. 


mAB = 42cm mBC =6cem =mCA= 5.2cm 


C 


A 4.2cm B 


Vii. 


(iii) 


lll. 


Vi. 


Draw a line segment AB =4.2cm. 
Taking A as centre draw an arc of 
radius 52cm. 

Taking B as centre draw another 
arc of radius6cmto intersect the 
first arc at C. 

Draw AC and BC. Thus A4BC is 
the required triangle. 

Draw the bisectors of 7A and 7B 
meeting each other at point I. 

Now draw the bisector of third 2C 


We observe that the third angle 
bisector also passes through the point 
L 

Hence the angle bisectors of the 
AABC are concurrent at I. 


mAB =3.6cm mBC =4.2cm mZB =75° 


4.2¢m 


A 3.6cm 


Draw a line segment m AB =3.6cm 


Taking B as center draw an angle 
of 75°. 

Taking B as centre draw an arc of 
radius 4.2cm to intersect the 
terminal sides of angle at C. 

Draw AC to complete AABC. 

Draw the bisector of 4A and 7B 
meeting each other at point I. 

Now draw the bisector of the third 
angle ZC . 


Vil. 


Q.2 


(i) 


oes 
Hk. 


iv. 


eee 
Vill. 


We observe that third angle 
bisector also passes through the 
point I. 

Hence the angle bisectors of the 
AABC are concurrent at I which 
lies within the triangle. 


Construct the following triangles 
POR. Draw their altitudes and 
show that they are concurrent. 


mPO = OGM, mOR =4.5cem and 
mPR =5.5cm 


4.5cm 


oem 


Draw a line segment mPO =6cm. 
Taking P as centre draw an arc of 
radius 5.5cnr. 

Taking Qas centre draw another 
arc of radius 4.5cm to intersect the 
first arc at R. 

Join P to R and Vto R to complete 
APOR. 

From vertex P drop PT 1 OR : 


Form vertex O dropOS L PR. 
Now from third vertex R drop 
RU LPO. 

We observe that third altitude also 
passes through the point of 
intersection O of the first two. 
Hence three altitudes of APOR 


are concurrent at O. 


(ii) 


mPO=4.5cm mOR=3.9en mZR=45° 


Required: 

To construct APOR. 

To draw altitudes and verify their 
concurrency. 


iil. 


Vil. 


Construction: 

Draw a line segment mOR = 39cm. 
Taking R as centre draw an angle 
of 45°. 

Taking Q as centre draw an arc of 
radius 4.5cm which intersects the 
terminal side of angle at P. 

Join P to Q to complete the APOR . 
From vertex P drop PS 1 RO 
produced. 


From vertex Q drop OT LPR. 


Form vertex R drop RU ali. PO 


produced. 


Hence the three altitudes of APOR 


are concurrent at point O. 


(iii) 


eee 
Hl. 


iv. 


Vi. 


mRP =3.6cm mZ0=30° = m2ZP =105° 


Sum of three angles in a triangle is 
180° so, 
ZP+Z0+ ZR =180° 


105+30+ ZR =180° 
135+ ZR=180° 
ZR =180° —135° 
ZR=45° 

So 


Construction: 


Draw a line segment mRP =3.6cm . 


Taking R as centre, construct an 
angle of 45°. 

Taking P as centre draw an angle 
of 105°. 

Terminal arms of both angles meet 
in point Q forming APOR . 

From vertex P drop PS uid RO ; 


From vertex Q drop OT LRP 


produced. 


Vil. 


Q.3 


(i) 


Form vertex R drop RU 1. OP 
produced. 
Hence the three altitudes of APOR 


are concurrent at point O. 


Contract the following triangles 
ABC draw the perpendicular 
bisector of three sides and verify 
their concurrency. Do they meet 
inside the triangle? 

AB =5.3cm 


mZA=45° mZB=30° 


eee 
lll, 


Construction: 


Draw a line segment m AB = 5.3cm. 
At the end point A of AB make 
mZA = 45°. 

At the end point B of Ab make 
mZaBn=30". 

Terminal sides of two angles meet 
at C. The ABC is requiredA. 
Draw perpendicular bisectors of 
AB,BC and CA meeting each 
other in the point O. 

Hence the three perpendicular 
bisectors of sides of AABC are 
concurrent at O outside the 


triangle. 


(ii) 


mBC =2.9cm mZA=30° mZB=60° 
The sum of three angles in a 

triangle is 180° then 

£A+ZB+2C =180° 


30+60+ ZC =180° 
90+ZC = 180° 
A= 180?—90" 
ZG = 20° 


B 2.9em|L 


Construction: 
Draw a line segmentmBC =2.9em 


At the end point B of BC make 
mZB=60°. 

At the end point C of BC make 
mZC =90°. 

Terminal sides of two angles meet 
at A. The ABC is requiredA. 
Draw perpendicular bisectors of 
AB, BC and CA meeting each 
other at the point O. 

Hence the three perpendicular 
bisectors of sides of AABC are 
concurrent at O, at the mid point of 
hypotenuse. 


(iii) 


Q.4 


(i) 


mAB= 24cm mAC =3.2cm mZA =120° 


Construction: 
Take AC =3.2cm. 


At A draw an angle of 120°. 
Taking centre A draw an are of 
radius 2.4cm which cuts the 
terminal side of angle A at point B. 
Join C to B, AAAC is the triangle. 
Draw perpendicular bisectors of 
AB, BC and CA meeting each other 
at the point O outside the triangle. 
Hence all the three perpendicular 
bisectors are concurrent. 


Construct the following As XYZ . 


Draw their three medians and 
show that they are concurrent. 


mYZ =4.lom mZY =60° mZX =75° 
Sum of three angles in a triangle is 
180° then 

mZX +mZY +mZZ =180° 


75+60+mZZ =180° 


135+mZZ =180° 
mZZ = 180°—-135° 


wes, = 45° 


Vi. 


Vii. 


Vill. 


Construction: 
TakemYZ =4.1em. 


Taking Z as centre draw an angle 
of 45°. 

Taking Y as centre draw an angle 
of 60°. 

The terminal sides of these angles 
meet at X. 

Then XYZ is requiredA. 

Draw perpendicular bisectors of 
the sides 


XZ, XY and YZ of AXYZ and 
make their midpoints B,C and A 
respectively. 

Join Y to B, midpoint of XZ to get 
YBas median. 

Join Z to C midpoint of XY to get 
ZC as median. 

Join X to A midpoint of YZ to get 


XA as median. 


All median intersect at point G. Hence the 
median are concurrent at G. 


(ii) 


mXY —45an n¥Z—3.4en mZX =S60n 


Z 


eee 
Il. 


Vi. 
Vil. 


Vili. 


(iii) 


45cm iA ¥ 


x 
v 
Construction: 

Take m XY = 4.5cm. 

Taking Y as centre draw an arc of 
radius 3.4cm. 

Taking X as center draw another 
arc of radius 6.5cm to cut at point 
Z, 
Join X to Z and Y to Z. 

Draw perpendicular bisectors of 
the sides XY,¥Z and XZ of 
AXYZ and make their mid point A, 
B and C. 

Join Y to mid point C to get 
medianYC . 

Join Y to mid point B to get 
median XB . 

Join Z to mid point A to get 
median ZA. 

All medians intersect at point G. 


Hence medians are concurrent at 
G. 


mZX —43cem mZX =78° andmZY =45° 
Sum of three angles in a triangle is 
180° then 

mZX +mZY +mZZ =180° 


75+45+mZZ =180° 
120°+mZZ = 180° 


mZZ = 180° -120° 
mZZ = 60° 


ees 
Ill. 


Vi. 


Vil. 


Vili. 


Construction: 

TakemZX = 43cm. 

Taking Z as centre draw an angle 
of 60°. 

Taking X as centre draw an angle 
of 75°. 

The terminal sides of these angles 
meet at Y. 

Then XYZ is requiredA. 

Draw perpendicular bisectors of 
the sides 

XZ,YZ and XY of AXYZ and 
make their midpoints A,B and C 
respectively. 

Join X to midpoint B to get XB as 
median. 

Join Z to midpoint C to get ZC as 
median. 


Join Y to midpoint A to get YAas 
median. 
All median intersect at point G. 


Hence the median are concurrent at 
£2 


Exercise 17.3 


Q.1 
(i) Construction a quadrilateral 
ABCD, having 


mAB = AC =5.3cm 
and mAD =2.8cm. 


mBC =mCD=3.8cm 


3.3e8 


3.8em 


A 5.3cm B 

Construction: 

i. Draw a line segment AB =5.3cm. 

il. Taking B as centre draw an arc of 
radius BC =3.8cm . 

iii, Taking A as centre draw an arc of 
radius AC =5.3cm to cut at C. 

iv. Taking Cas. centre draw an arc of 
radius CD =3.8cm . 

v. Taking A as centre draw an arc of 


radius AB = 2.8cm to cut at D. 

Vi. Join B to C, Cto D, Ato C and A 
to D. 
ABCD is the required quadrilateral. 


(ii) On the side BC construct a 


Aequal in area to the 
quadrilateral ABCD. 


3.8cem 
P A S.3em B 
Construction: 
i. Join A to C. 
ii. Through D draw DP||CA meeting 


BA produced at P. 


iv. 


Q.2 


Join PC. 
Then PBC is required triangle. 
As APC, ADC stand on the same 


base AC and same parallels AC 
and PD. 

Hence 

AAPC = AADC 

AAPC + AABC = AADC + AABC 
or APBC =quadrilateral ABCD 


Construct a A equal to the 
quadrilateral PQRS, having 
mOR =Tom mRS =6cm 
mSP =2.75cm mZORS = 60° 
and mZRSP =90°. 


Vi. 


ee 

Vil. 
ees 

VIL, 


ix. 


Q em R 


Construction: 


Draw a line segment OR = 70M | 
At point R draw an angle of 60°. 
Taking R as center draw an are of 
radius of 6cm to cut at S. 

At point S draw an angle 90°. 
Taking S as centre draw an arc of 
radius of 5.5cm, cutting the 
terminal side of 90° at point B. 
Find the mid point of mSB at point 
P. 

Join P to Q. 


Draw PA parallel to SO 
Join A to S. 


xX. AARS is required triangle equal in 
area to quadrilateral PQORS. 


Q.3 Construct a Aequal in area to 
quadrilateral ABCD having 


mAB=6cm mBC = 4cm, 
AC =7.2cm m2ZBAD =105° 
andmBD =8cm. 


*o 


Construction: 
i. Draw a line segment AB = 6cm . 
ii. Taking A as centre draw an arc of 


radius 7.2cm. 
iii. Taking B as centre draw an arc of 
radius 4cm to cut at C. JoinC to A 


and C to B. 

iv. Taking A-as-centre make an angle 
ZOAB =105° . 

v. Taking B as centre make an arc of 


radius 8cm to cut at D point. 
vi. Join D to C to complete the ABCD 


quadrilateral. 

vii. Draw DP||CA o meet BA 
produced at P. 

viii. Join C to P. 

Thus APBC is the required triangle. 


Q.4 Construct a right angled triangle 
equal in area to given square. 


B c 


A D F 

Construction: 
Let measurement of each side of 
square is 3.8cm. 

i. Construct a square ABCD with 
each side 3.8cm long. 

ii. Bisect CD at E. 

iii. Join B to E and produced it to meet 
AD produced in F. 
AABF is required triangle equal in 
area to square ABCD. 


Q.1 


Exercise 17.4 


Construct a A with sides 4cm, 
Scm and 6cm and construct a 
rectangle having its area equal to 
that of the A measure its 


diagonals. Are they equal 


eee 
ill, 


vi. 


Xi. 


Construction: 


Draw a line segment 4B = 6cm . 
Taking A as centre draw an arc of 
radius Scm. 

Taking B as centre draw an arc of 
radius 4cm to cut at C. Join A to C 
and B to C. 

ABC is the requiredA. 

Draw a line / through C parallel to 


AB. 


Draw the | bisector of ABin D 
and cutting the line at P. 

On the line /, cut PO equal to DB. 
Join B to Q. 

PQBD is the required rectangle. 
The length of each diagonal 
measured to be 4.5cm. 

The length of each diagonal is 
same. 


Q.2 


ili. 


Vi. 


Vii. 


Viii. 


ix, 


Q.3 


Transform an isosceles A into a 
rectangle. 


Construction: 

Draw a line segment BC . 

With B as centre draw in arc of 
suitable radius. 

With C as centre draw another are 
of same radius which cuts the first 
arc at point A. 

Join A to B and A to C. 

AABC is the isosceles A with 
mAB=mAC. 

Draw the perpendicular bisector of 
BC passing through point A. 
Through A draw a line/| BC. 


On/ cut AD equal to EC and the 
Join C with D. 

CDAE is the required rectangle 
equal in area to AABC. 


Construct a ABC such that 
mAB=3cm, mBC =3.8cm 
and mAC —4.8cm. Construct a 
rectangle equal in area to the 
AABC, and measure its sides. 


Vi. 


Vil. 


Construction: 


Draw a line segment AB =3cm. 
Taking B as centre draw an arc of 
radius BC =3.8cm . 

Taking A as centre draw an arc of 
radius AC = 4.8cm to cut at C. 
Join C to A and C to B. 

ABC is the requiredA. 

Through C draw a line / parallel 


AB. 
Draw the L bisector of 4B cutting 
the line / in P. 
On f cut PO =A. 
PQAD is the required rectangle 
measure of sides of rectangle 
PQAD 
mPD=3.8cm mAD= 1.5cm 


Exercise 17.5 


Construct a rectangle whose 
adjacent sides are 2.5cm and 5cm 
respectively. Construct a square 
having area equal to the given 
rectangle. 
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Construction: 


Make the rectangle ABCD with 
given lengths of sides. 
Produce AD to point E such that 


mDE=mDC . 

Bisect AF at O. 

With O as centre and OA radius 
draw a semicircle cutting CD 
produced in M. 


With DM as side complete the 
square DI'LM | 


Construct a square equal in area 
to a rectangle whose adjacent 
sides are 4.5cm and 2.2cm 
respectively. Measure the sides of 
the square and find its area and 
compare with the area of the 
rectangle. 


Vi. 


4.5¢m C 
Construction: 
Make the rectangle ABCD with 
given sides. 
Produce AD and cutmDE =mDC . 
Bisect AF at O. 
With O as centre and OA radius 
draw a semicircle cutting CD 
produced in M. 
With DM as side complete the 
square DF ZM | 
Side of the square (average) = 
3.15¢m 
Area =3.15x3.15=9.9cm? 


Area of rectangle = 2.2x 4.5 =9.9cm" 


Q.3 


Q.4 


Area of rectangle = Area of square 


In Q2 above verify by 
measurement that the perimeter 
of the square is less then that of 
the rectangle. 
Perimeter of rectangle = 2 [length 
+ briclth] 

=2[4.5+ 
2.2] 
=2 [6.7] 
= 13.4cm 
=4x/] 
=4x3.2 
= 12.8 cm 


Perimeter of square 


Construct a square equal in area 
to the sum of two squares having 


sides 3cm and 4cm respectively. 


Vil. 


Vili. 


prove. 


Construction: 


Draw a line segment AY. 

Draw a line perpendicular $7 “at point 
G. 

Cut of CB =3cmandCG =4em . 
CG is the side of square complete 


the square ACGF. 


CB is the side of square complete 
the square CBIH. 
Join B to A. 


AB is the side of square so, 
complete the square ABDE. 
ABDE is the required square. 
Using Pythagoras theorem to 


Construct a A having base 3.5cm 
and other two sides equal to 
3.4cm and 3.8cm respectively. 
Transform it into a square of 


equal area 


3.8cm 


Vii. 


Vili. 


Q.6 


Construction: 

Draw PAO|| BC 

Draw perpendicular bisector of BC , 
bisector it at D and meeting PAO at P. 


DrawCO L PO meeting it in Q. 
Take a line EFG and cut radius 
EF = DP and FG = DC. 

Bisect EG at O. 

With O as centre and radius= OE 
draw a semi-circle. 

At F draw FM | EG meeting the 
semi-circle at M. 


With MF as a side, complete the 
required square FMNR. 


Construct a A having base 5 and 
other sides equal to 5cm and 6cm 
construct a square equal in area 
to given A, 


Vili. 


Construction: 


Draw PAO || BC 

Draw perpendicular bisector of BC , 
bisector it at D and meeting PAO at 
P. 

Draw CQ eb PO meeting it in Q. 
Take a line EFG and cut radius 
EF = DP and FG = DC. 

Bisect EG at O. 

With O as centre and radius= OF 
draw a semi-circle. 

At F draw FM L EG meeting the 
semi-circle at M. 

With MF asa side, complete the 
required square FMNR. 


Q.1 
(i) 

(ii) 
(iii) 


(iv) 
(v) 


(vi) 
(vii) 


Q.2 
(i) 


(ii) 


(iii) 


(vil) 


Revised Exercise 17 


Fill in the blanks to make the statements true: 

The side of right angled triangle opposite to 90° is called ; 

The line segment joining a vertex of a triangle which is to the mid point of its opposite side 
is called a ; 

A line drawn from a vertex of a triangle which is to its opposite side is called an 
attitude of the triangle. 

The bisectors of the three angles of a triangle are ' 

The points of concurrency of right bisector of the three sides of the triangle are 

from its vertices. 

Two or more triangle are said to be similar if they are equiangular and measures of their 
corresponding sides are 

The altitudes of a rights triangle are concurrent at the of the right angle. 


Answer Key 


(Fill in the Blank) 


eae Perpendicular mime Vertex 


Multiple Choice Questions. (Choose the correct answer). 


The triangle having two sides congruent is called 


(a) Scalene (b) Right angled 
(c) Equilateral (d) Isosceles 
A quadrilateral having each angle equal to 90° is called 
(a) Parallelogram (b) Rectangle 
(c) Trapezium (d) Rhombus 
The right bisector of the three sides of a triangle are 
(a) Congruent (b) Collinear 
(c) Concurrent (d) Parallel 
The altitudes of an isosceles triangle are congruent. 
(a) Two (b) Three 
(c) Four (d) None of these 
A point equidistant from the end points of a line — segments is on its 
(a) Bisector (b) Right - bisector 
(c) Perpendicular (d) Median 
congruent triangles can be made by joining the mid-point of the sides of a 
triangle. 
(a) Three (b) Four 
(c) Five (d) Two 
The diagonals of parallelogram each other. 
(a) Bisect (b) Trisect 


(c) Bisect at right angle (d) None of these 


(viii) The medians of a triangle cut each other in the ration 


(ix) 


(xi) 


Q.3 
(i) 


(ii) 


(a) 4:1 (b) 3:1 

(c) 2:1 (d) 1:1 

One angle on the base of an isosceles triangle is 30°. What is the measure o its vertical 
angle 

(a) 30° (b) 60° 

(c) 90° (d) 120° 

If the three attitudes of a triangle are congruent then, the triangle will be 
(a) Isosceles (b) Equilateral 

(c) Right angled (d) Acute angled 

If two medians of a triangle are congruent then the triangle will be 

(a) Isosceles (b) Equilateral 

(c) Right angled (d) Acute angled 


Define the following. 

Incentre 

The point where the internal bisectors of the angles of a triangle meet is called incentre of a 
triangle. It is denoted by IL. 


Circumcentre 
The point of concurrency of the three perpendicular bisectors of the sides of a triangle is 
called circumcentre of a triangle. It is denoted by O. 


(iii) Orthocenter 
The point of concurrency of three altitudes of a triangle is called orthocenter of a triangle. It 
is denoted by O. 


(iv) Centroid 
The point of concurrency of three medians of a triangle is called centroid of a triangle. It is 
denoted by G. 


X 45cm iA ¥ 


(v) Point of concurrency 
Three are more than three lines are said to be concurrent if these lines pass through the same point and 
that point is called the point of concurrency. In the is, P is the point of concurrency. 
= 


nit 17: Practical Geometry — Triangles 


Overview 


Right bisector of a line segment 
A line ; is called a right bisector of a line segment if 7 1s perpendicular to the 
line segment and passes through its mid-point. 
Angle bisector 


Median of a triangle 
A line segment joining a vertex of a triangle to the mid-point of the opposite 


side is called a median of the triangle. 


Altitude of a triangle 


A line segment from a vertex of a triangle, perpendicular to the line containing the 
opposite side, is called an altitude of the triangle. 


